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10.

winasityva

  gamocdebis erovnuli centris mier daarsebul  ̀ maswavle-
blis biblioTekis~ serias Seemata axali saxelmZRvanelo - ,,bio-
logia‘‘. 

  pedagogebisaTvis gankuTvnili biologiis saxelmZRvane-
lo qarTul enaze am saxiT pirvelad gamodis. masSi asaxulia ro-
gorc klasikur biologiaSi dadgenili kanonzomierebebi, ise 
Tanamedrove biologiis miRwevebi.  vimedovnebT, rom Cven mier 
momzadebuli saxelmZRvanelo xels Seuwyobs maswavleblebs 
codnis gaRmavebaSi, saswavlo procesis ukeT warmarTvaSi.  

  saxelmZRvaneloze muSaobis procesSi didi daxmareba 
gagviwies Cvenma kolegebma: m. maniam, n. miTagvariam, m. mgalobli-
Svilma, m. kaWaravam, n. kopalianma, n. mickeviCma, b. jafoSvilma, 
l. SanSiaSvilma, a. gavaSeliSvilma, g. kiknaZem, v. kaSiam, T. ia-
Svilma, g. gegenavam. xelnawers gaecnen skolis maswavleblebi: 
n. dvaliSvili, a. bibiCaZe, T. sadagiSvili, m.Mmenabde, q. bolqvaZe. 
maTi rCevebi gaTvaliswinebul  iqna muSaobis procesSi.

  gansakuTrebuli madlierebiT gvinda aRvniSnoT saqarTve-
los mecnierebaTa akademiis wevr-korespodentis, profesor 
irakli eliavas didi wvlili teqstis momzadebaSi. saxelmZR-
vanelosaTvis saWiro suraTebis mopovebasa da damuSavebaSi 
daxmareba gagviwies l. mumlaZem da q. xarebavam. saxelmZRvane-
lo didi gulisyuriT daakabadona d. aleliSvilma, teqstis re-
daqtireba ekuTvnis T. dulariZes. gvsurs madlierebiT aRvni-
SnoT  saxelmZRvanelos gamocemis iniciatoris – gamocdebis 
erovnuli centris sabunebismetyvelo mecnierebaTa jgufis 
xelmZRvanelis g. CeCelaSvilis Tanadgoma.  yvela maTgans kidev 
erTxel vuxdiT guliTad madlobas. 

  saxelmZRvanelos prezentacia Sedga ganaTlebisa da mec-
nierebis saministroSi, ganaTlebisa da mecnierebis ministris  
- baton dimitri SaSkinis egidiT. prezentaciaze mowveul Tbi-
lisis sajaro skolebis biologiis maswavleblebs saxelmZRva-
nelo warudgina gamocdebis erovnuli centris xelmZRvanelma, 
qalbatonma maia miminoSvilma. saxelmZRvanelom cxoveli inte-
resi gamoiwvia maswavleblebSi. samadlobelo sityvebTan er-
Tad gamoiTqva saqmiani winadadebebi da miTiTebebi. 

  saxelmZRvanelos pirveli gamocema mcire tiraJiT dai-
stamba, ris gamoc saWiro gaxda misi ganmeorebiTi gamocema. 
avtorebma gamocdebis erovnuli centris biologiis jgufis 
TanamSromlebTan erTad kritikulad ganixiles mowodebuli 
winadadebebi da SeniSvnebi da Sesabamisi cvlilebebi Seitanes 
wignSi, kerZod: daixvewa mesame Tavi, safuZvlianad gadamuSavda 
mexuTe da meSvide Tavebi. Sav-TeTri suraTebis didi nawili 
Seicvala feradiT (samwuxarod, ar moxerxda yvela maTganis 
Secvla). guliTadi  madlobiT unda aRvniSnoT T. iaSvilisa 
da a. bibiCaZis daxmareba dednis gamosaqveyneblad momzadebis 
dros.

  yovelgvar SeniSvnas da miTiTebas, romlebic xels 
Seuwyobs saxelmZRvanelos gaumjobesebas, didi gulisyuriT 
miviRebT. 
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Tavi1. biologiis sagani da cocxali materiis Tvisebebi

1.1. biologis kvlevis sagani da sicocxlis arsi 

biologia cocxali bunebis, sicocxlis Semswavleli mecnierebaa. termini “biologia” 1802 
wels erTmaneTisagan damoukideblad SemoiRes frangma mecnierma J. b. lamarkma da germanelma g. 
treviranusma. biologia Seiswavlis cocxal arsebaTa agebulebas, funqciebs, gavrcelebas. war-
moSobas, ganviTarebas, kavSirs erTmaneTTan da aracocxal bunebasTan.

biologia ikvlevs yvela im Tvisebas, romelsac cocxali amJRavnebs. ra aris sicocxle? es 
problema dRemde did interess iwvevs. saxeobaTa didi mravalferovneba, bunebis am unikaluri mov-
lenis calsaxa da amomwurav gansazRvras arTulebs. 

xSirad bunebis Cveulebrivi da farTod gavrcelebuli movlenebis formulireba rTulia. es 
maSin xdeba, Tu movlenas labiluri an waSlili sazRvrebi aqvs, agreTve, rodesac movlena rTuli 
Sinaganad winaaRmdegobrivi komponentebisgan Sedgeba. aseT kategoriaTa ricxvs miekuTvneba si-
cocxlis cneba. sadReisod biologiis didi progresis miuxedavad, bevri ram sicocxlis Sesaxeb 
mainc amoucnobi rCeba. magaliTad, Znelia ganisazrvros periodi, rodesac wyvets sicocxles mce-
nare an cxoveli. im SemTxvevaSi rodesac adamians uwydeba sunTqva da uCerdeba gulis muSaoba, vam-
bobT, rom igi gardaicvala. miuxedavad imisa, rom adamianis organizmSi mravali ujredi agrZelebs 
sicocxles. zogjer, Tu Tavis tvinis neironebs ar daukargavT sicocxlis unari, reanimaciis Sede-
gad adamianSi sicocxle aRdgeba. igi agrZelebs normalur cxovrebas. amrigad, sicocxle aris gansa-
kuTrebuli da unikaluri movlena. misi arsis axsna mxolod fizikuri da qimiuri kanonebiT SeuZle-
belia. 

fenomeni, romelsac sicocxles vuwodebT, erTi SexedviT martivi amosacnobia. saqmis arsSi 
Cauxedavi piric ki, advilad ansxvavebs cocxals aracocxalisgan. magram, sicocxlis cnebis zusti 
gansazRvrisas did sZneles awydebian, vinaidan konkretuli pasuxis gacema Zalze rTulia. upirve-
les yovlisa, sicocxle, rogorc aseTi, calke abstraqtulad ar arsebobs. igi diskretulia e.i. ar-
seboben mxolod calkeuli cocxali individebi. meorec, am cnebis gansazRvra moiTxovs movlenis 
Rrma codnas. bunebaSi arseboben nairgvari saxeobebi. mravali maTgani arasrulyofilad an saer-
Tod Seuswavlelia. 

filosofosebi da mecnierebi sicocxlis cnebis ganmartebisas eyrdnobodnen im Tvisebas (maTi 
SexedulebiT!), riTac cocxali aracocxalisgan gansxvavdeba. ase magaliTad, sicocxle aris: “kve-
ba, zrda da dauZlureba” (aristotele); “rTuli qimiuri procesi” (a. lauazie); “cilovan sxeulTa 
arsebobis wesi” (f. engelsi); “materiis moZraobis gansakuTrebuli forma” (a. oparini). amJamad si-
cocxlis cnebis sayovelTaod aRiarebuli zusti ganmarteba ar aris SemuSavebuli. gvaqvs mxolod 
ganzogadebuli gansazRvreba: sicocxle aris garedan miRebuli energiiT, biopolimerebisgan 
(cilebiTa da nukleinis mJavebiT) agebuli specifiuri struqturebis SenarCuneba da TviTwar-
moqmna. nukleinis mJava da cila mxolod maSin aris sicocxlis substrati, rodesac ujredSia da 
funqcionirebs. isini ujredis gareSe qimiuri nivTierebebia. 

Tanamedrove gansazRvrebiT dedamiwaze mcxovrebi nebismieri cocxali warmoadgens bio-
polimerebisgan - cilebisa da nukleinis mJavebisgan aSenebul Ria, TviTwarmomqnel da TviTma-
regulirebel sistemas. 

sistemas uwodeben urTierT dakavSirebul da urTierTmoqmed struqturebis erTobliobas 
(mTlianobas), romelSic ganuwyvetliv Seedineba da gamoedineba nivTierebaTa, energiisa da infor-
maciis nakadi. cocxali sistema gacilebiT rTulia, vidre aracocxali sistemebi. nebismieri siste-
ma Semadgeneli nawilebis martiv jams ar warmoadgens. sistemis struqtura da funqcia erTimeores 
gansazRvraven. misTvis niSandoblivia mowesrigebuloba, TviTregulacia da TviTganviTareba. bio-
logiur sistemas warmoadgens genotipi, ujredi, organizmi, populacia, ekosistema da biosfero. 
imis dasadgenad, Tu rogor muSaobs sistema misi Semadgeneli nawilebis srulyofili Seswavla ar 
kmara. 

Tanamedrove etapze biologebis ZiriTadi mizania gamoikvlion Tu rogor funqcionirebs mT-
liani sistema. ase magaliTad, sadReisod kargadaa Seswavlili neironi. adamianSi mraval neironTa 
erTobliv moqmedebasTan aris dakavSirebuli cnobiereba. amJamad ar gagvaCnia realuri warmodgena, 
Tu rogor yalibdeba azri da ra aris misi qimiuri substrati.
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1.2. cocxali materiis organizaciuli doneebi. 

sicocxle dedamiwaze nairgvari saxiT vlindeba. igi warmodgenilia prokariotuli da eukari-
otuli, erTujrediani da mravalujrediani formebiT. mravalujrediani organizmebi, Tavis mxriv, 
gaerTianebulia sokoebis, mcenareTa da cxovelTa samefoebSi. araerTgvarovnebis miuxedavad 
cocxali buneba ierarqiuli organizaciis mqone rTuli sistemaa. rodesac sistemis Semadgeneli 
urTierTmoqmedi komponentebi (nawilebi) rigiTobis mixedviT umdablesidan umaRlesiskenaa 
ganlagebuli, maT ierarqiuli ewodeba. dabali donidan maRalze gadasvlisas Tavs iCens sruliad 
axali Tvisebebi, romelic wina dones ar moepoveboda (ewodeba emerjentobis principi). donis Tvi-
sebebs Semadgeneli nawilebis urTierTganlageba da urTierTqmedeba gansazRvravs. qveda organi-
zaciuli done momdevno zeda donis Tvisebebis ganmsazRvrelia. cocxali Cvens planetaze diskre-
tuli erTeulebiT _ organizmebis anu individebis saxiTaa warmodgenili. organizmi erTis mxriv 
Seicavs daqvemdebarebul (mag. molekuluri, ujreduli... ) doneebs. meores mxriv, igi makrosistemis 
(mag. populacia, saxeoba, ekosistema ...) erTeuls warmoadgens. sicocxlis TiToeuli done unikalu-
ri da mravalferovania. ase magaliTad, cocxal sistemas ujredul doneze aqvs saerTo damaxasiaTe-
beli niSnebi. magram es sistemebi (ujredebi) erTmaneTisgan morfo-fiziologiurad gansxvavdeba. 
gamoyofen sicocxlis Semdeg organizaciul doneebs:

1. molekuluri done. sicocxlis organizaciis yvelaze Zveli da umdablesi donea. is yvela-
ze ukeTaa Seswavlili. aq gadis sazRvari cocxalsa da aracocxals Soris. organuli molekulebiT 
(dnm, rnm, cila, lipidi, naxSirwyali) xorcieldeba sasicocxlo procesebi (nivTierebaTa da energi-
is cvla, genetikuri informaciis realizacia da momdevno TaobaSi misi gadacema da misT.). moleku-
luri done zemdgomi safexurebis safuZvelia da gansazRvravs maT xasiaTs.

2. ujreduli done. ujredi aris yvela organizmis struqturuli, funqciuri, gamravlebisa 
da ganviTarebis erTeuli. ujredi cocxalSi fundamentur dones qmnis, vinaidan igi sicocxlisTvis 
damaxasiaTebel yvela zogad niSans flobs. amrigad ujredi aris sicocxlis elementaruli erTeu-
li. sicocxlis araujreduli formebis - virusebis arseboba am debulebas adasturdebs. virusebi 
sasicocxlo Tvisebebs mxolod maspinZlis ujredSi moxvedrisas amJRavneben.

3. qsoviluri done. igi mravalujredian organizmebs gaaCniaT. evoluciis procesSi warmoSo-
biT, agebulebiTa da Sesasrulebeli funqciiT msgavsi ujredebisgan Camoyalibda qsovilebi. isini 
organizmSi specifikur konkretul funqcias asrulebs.

4. organouli done. ramdenime qsovilisgan formirdeba organo. igi aris sxeulis metnakle-
bad gamokerZoebuli nawili, romelsac gansazRvruli forma, agebuleba, mdebareoba da specifikur 
funqcia aqvs. organoebi, romelTa kerZo funqciebi erT zogad funqcias Seadgenen, erTiandebian 
organoTa sistemad.

5. organizmuli done. organizmi aris iseTi cocxali arseba, romelsac aqvs cocxalis yvela 
Tviseba da damoukideblad arseboba SeuZlia. im gardaqmnebs, romelsac organizmi ganicdis Casaxvi-
dan sikvdilamde ontogenezi ewodeba.

6. saxeobrivi (populaciur-saxeobrivi) done. saxeoba aris morfo-fiziologiuri niSnebiT 
msgavs individTa erToblioba, aqvT erTmaneTTan Sejvarebisa da nayofieri STamomavlobis mocemis 
unari, qmnian populaciebis sistemas da garkveul areals ikaveben. saxeoba populaciebis saxiT ar-
sebobs. 

7. ekosistemuri done. sxvadasxva saxeobis (mikroorganizmebi, sokoebi, mcenareebi, cxovele-
bi) populaciebisa da maTi saarsebo garemos urTierTdamokidebulebiT yalibdeba mdgradi dina-
miuri sistema _ ekosistema. igi Sedgeba cocxal organizmTa erTobliobisa (biocenozi) da aracoc-
xali bunebis komponentebisgan (ekotopi).

8. biosferuli done. Cvens planetaze sicocxlis organizaciuli donis, yvelaze rTuli da 
kompleqsuri, saboloo safexuria. igi yvela ekosistemaTa erTobliobaa. garemodan ganuwyvetliv 
iRebs nivTierebaTa da energiis nakads, aseve gascems mas. organizaciis am doneze ganuwyvetliv 
mimdinarebs energiis gardaqmna da nivTierebaTa bilogiuri mimoqceva. cocxali da aracocxali 
buneba erToblivad funqcionirebs, urTierTqmedebs, rac sicocxlis SenarCunebasa da dedamiwaze 
ganviTarebas ganapirobebs.

 cocxali materia uwyvet kavSirSia aracocxal bunebasTan masTan erTad funqcionirebs da 
urTierTmoqmedebs, rac dedamiwaze sicocxlis SenarCunebasa da evoluciur ganviTarebas ganapi-
robebs. biosfero – erTiani globaluri ekologiuri sistemaa da dedamiwaze binadari yvela cocxa-
lis saarsebo sivrcea.

SeniSvna: ganarCeven biologiur sistemaTa doneebsa da saerTo organizaciis doneebs. mag. emerjento-
bis principidan gamomdinare prokariotebs molekuluri da ujreduli  sistemuri done moepoveba, 
xolo, saerTo organizaciis donis mixedviT, damatebiT organizmul, populaciur da saxeobriv do-
neebsac flobs. xSirad es doneebi erTmaneTs Tanxvdeba da filogenezurad sakmaod daSorebul for-
mebSi identuria (mag. rbiltanianebi da ZuZumwovrebi).



13.

biologiis sagani da cocxali materiis Tvisebebi

1.3. cocxali materiis kriteriumebi. 

Znelia moiZebnos iseTi calsaxa kriteriumi, romeliTac SesaZlebelia cocxalis aracocxa-
lisgan gamijvna. organizmebs moepovebaT iseTi niSnebi, romlebic aracocxal sistemaTa did nawil-
Si ar gvxdeba. am niSnebs Soris Znelia gamovyoT iseT, romelic mxolod cocxals gaaCnia. bunebrivia, 
arc erTi calke aRebuli kriteriumi cocxalsa da aracocxals Soris zRvaris gasavlebad ar aris 
sakmarisi. amitomac, cocxali organizmebis dasaxasiaTeblad ramdenime kriteriums iyeneben.

qvemoT CamoTvlili kriteriumebi erTdroulad, mxolod cocxal sistemas axasiaTebs. sa-
dReisod ar gagvaCnia kriteriumebis iseTi CamonaTvali, romelsac yvela gaiziarebs. sxvadasxva 
saxelmZRvaneloSi naigvar, gansxvavebul kriteriumTa CamonaTvals SexvdebiT. igi cocxali siste-
mis sirTuleze migvaniSnebs. cocxli aracocxalisgan Semdegi ZiriTadi kriteriumebiT gansxvavde-
ba:

1. qimiuri Sedgenilobis erTianoba. cocxal da aracocxal bunebaSi erTnairi qimiuri elemen-
tebi gvxdeba. miuxedavad amisa, isini elementTa SemcvelobiT gansxvavdebian. cocxalSi didi raode-
nobTaa (98%) e.w. organogenuli elementebi: naxSirbadi, Jangbadi, azoti da wyalbadi. am elementebiT 
aris aSenebuli rTuli organuli molekulebi, romlebic cocxalSi specifikur funqciebs asrulebs. 
nukleinis mJavebi (dnm, rnm) uzrunvelyofs memkvidreobas, cvalebadobasa da TviTwarmiqmnas. cilebis 
mraval funqciaTa Soris aRsaniSnavia saamSeneblo da katalizuri funqcia. lipidebi da naxSirwylebi 
energiis ZiriTadi wyaroa. isini monawileobs membranebisa da ujredis kedlis SenebaSi. 

2. cocxali _ Ria sistema. yvela cocxali warmoadgens Ria sistemas. igi mxolod maSin inar-
Cunebs mdgradobas, rodesac garemodan ganuwyvetliv iRebs nivTierebaTa da energiis nakads da 
gamyofs energiiT Rarib nivTierebebs - daSlisa da daJangvis saboloo produqtebs.

3. struqturuli organizaciis erTianoba. cocxal sistemebs msgavsi struqturuli organi-
zacia gaaCnia. Cvens planetaze binadari yvela organizmis struqturul-funqciuri da ganviTare-
bis erTeuli aris ujredi. didi morfo-fiziologiuri nargvarobis miuxedavad, erTujrediani da 
mravalujrediani organizmebis ujredebi zogadi organizaciiT msgavsia. cocxalis struqturul 
erTianobas gamoxatavs ujreduli Teoria.

4. reproduqcia (gamravleba). molekulur doneze reproduqciis unari dnm-s aqvs. dnm-is re-
plikaciiT ori identuri molekula yalibdeba. reproduqciis unars flobs ujredi da zogierTi 
organoidi (mag., mitoqondria, plastidebi da sxv.). organizmul doneze reproduqcia usqeso da 
sqesobrivi gamravlebiT xorcieldeba. yvela cocxali organizmi flobs zogadi Tvisebas, Tavisive 
msgavsi STamomavlebi warmoqmnas. gamravleba ganapirobebs sicocxlis uwyvetobas dedamiwaze.

5. memkvidreobiToba da cvalebadoba. memkvidreobiToba aris cocxal organizmTa Tviseba 
gamravlebis procesSi memkvidruli informacia gadasces STamomavlebs. memkvidrul informacias 
dnm (zogierT virusSi rnm) Seicavs. dnm-Si arsebuli informaciis mixedviT yalibdeba konkretuli 
organizmi, romelSic mimdinareobs misTvis niSandoblivi sasicocxlo procesebi. memkvidreobi-
Tobas genetikuri aparatis (genetikuri nivTierebis) specifikuri organizacia – genetikuri kodi 
gansazRvravs. dnm-is molekulaSi nukleotidTa specifikur Tanamimdevrobas, romelic gan-
sazRvravs cilis molekulaSi aminomJavaTa Sesabamisi wesiT ganlagebas genetikuri kodi ewo-
deba.

cvalebadoba aris organizmis Tviseba, genetikuri masalis cvlilebiT an genTa rekombinaci-
iT SeiZinos axali niSan-Tvisebebi. igi memkvidreobiTobis sapirispiro movlenaa da organizmTa mra-
valferovnebas ganapirobebs.

6. avtoregulacia. cocxali materiisgan gansxvavebiT aracocxali garemo faqtorebis moqme-
debiT advilad iSleba. garemo faqtorebi moqmedeben organizmze. organizmebs moepoveba TviTregu-
laciis unikaluri Tviseba, romlis Sedegad isini inarCuneben struquras da Sinagani garemos mudmiv 
Semadgenlobas. organizmTa mier mudmivad cvlad garemoSi stabiluri mdgomareobis SenarCunebis 
unari aris maTi gadarCenis safuZveli. organizmis unars SeinarCunos sasicocxlo procesebis dina-
miuri wonasworoba-mdgradoba homeostazi ewodeba. avtoregulaciis Tviseba cocxals saSualebas 
aZlevs SeinarCunos sasicocxlo procesebis dinamiuri wonasworoba-mdgradoba biologiuri orga-
nizaciis yvela doneze, dawyebuli molekuluridan biosferos CaTvliT.

7. metabolizmi. cocxli sistemebisaTvis damaxasiaTebelia nivTierebaTa da energiis cvla. or-
ganizmi garemodan ganuwyvetliv STanTqavs energiiT mdidar sakveb nivTierebebs da garemoSi gamoyofs 
martiv, energiiT Rarib nivTierebebs. nivTierebis gardaqmnis reaqciaTa erTobliobas, organizmSi 
moxvedridan daSlis sabolo produqtebis garemoSi gamoyofamde metabolizmi ewodeba. organizmSi 
moxvedrili nivTierebebis erTi nawilis qimiuri gardaqmniT organizmisaTvis niSandoblivi naerTebi 
sinTezirdeba. organizmi mas saamSeneblod iyenebs. biosinTezis procesTa erTobliobas plastikuri 
cvla (anu asimilacia, anabolizmi) ewodeba. organizmSi moxvedrili nivTierebebis sxva nawili iSle-
ba da iJangeba da gamoiyofa qimiuri energia. igi sxvadasxva sasicocxlo procesebs xmardeba. nivTie-
rebaTa daSlis procesTa erTobliobas, romelic organizms energiiT uzrunvelyofs energetikuli 
cvla (anu disimilacia, katabolizmi) ewodeba. mcenareebs da cianobaqteriebs (heterotrofebisgan 
gansxvavebiT) moepoveba asimilaciis specifikuri forma. isini fotosinTezis gziT araorganuli 
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nivTierebebidan energiiT mdidar sakveb organul nivTierebebs asinTezeben. metabolizmis Sewyveta 
yovelTvis sicocxlis unarianobis saboloo dakargvas ar iwvevs. mag. gamomSral Teslebsa da dabal 
temperaturaze gayinuli mcire zomis organizmebs normalur pirobebSi dabrunebisas metabolizmi 
aRudgebaT. zogierT organizms anabiozSi gadasvlis unari gaaCnia.

8. gaRizianebadoba. yvela cocxal organizms aqvs garegan da Sinagan gamRizianebel faqtorze 
adekvaturi reagirebis unari, rac maT xels uwyobs Seeguos saarsebo garemos.

9. moZraoba. cocxal sistemas an maT nawilebs aqvs sivrceSi gadaadgilebis unari. cxovelebs, 
mcenareebisagan gansxvavebiT garemoSi aqtiurad gaadgileba SeuZliaT, rac xels uwyobs Seeguon 
saarsebo garemos da moipovon sakvebi. erTujredianebi garemoSi crufexebiT, SoltebiTa an wamwa-
mebiT gadaadgildebian. mravalujrediani cxovelebi kunTebis meSveobiT moZraoben, romelsac ner-
vuli sistema aregulirebs. mcenareTa organobi nela moZraobs. ase magaliTad, mcenareebi ylor-
tebsa da foTlebs neli moZraobiT sinaTlisken mimarTaven (fototropizmi). 

10. zrda da ganviTareba. cocxal organizmebs axasiaTebT zrda _ masis mateba. zrda orga-
nizmSi ujredebis ricxvis da maTi zomis gadidebis Sedegia. zogierTi organizmi mTeli sicocxlis 
manZilze izrdeba (e.w. ganusazRvreli (SeuzRudavi) zrda. mag. mcenareebi, sokoebi da zogier-
Ti cxoveli, rogogoricaa Tevzebi, amfibiebi, reptiliebi...), zogi, ki garkveul asakamde (e.w. gan-
sazRvruli (SezRuduli) zrda. miekuTvneba cxovelTa umetesoba, maT Soris mwerebi, frinvelebi, 
ZuZumwovrebi...). zogierT aracocxalsac aqvs zrdis (mag. stalaqtiti, kristalebi, yinulis lo-
lua...) unari. maTi zrda msgavsi erTeulebis garedan damatebiT xdeba. cocxals Sinagani (axali Sina-
gani struqturebis warmoqmnis Sedegad) zrda axasiaTebs. 

organizmis zrda dakavSirebulia individualur ganviTarebasTan. ganviTareba aris morfo-
logiur da fiziologiur Tanamimdevrul gardaqmnaTa erToblioba, romelTac organizmi ganicdis 
Casaxvidan sikvdilamde.

11. adaptacia. organizms evoluciis procesSi Camouyalibda morfo-fiziologiur Tavisebu-
rebaTa erToblioba, romelic xels uwyobs mis konkretul saarsebo garemoSi arsebobas. cocxal 
sistemas istoriuli ganviTarebis –evoluciis unari gaaCnia. evoluciis Sedegad saarsebo garemo-
sadmi Seguebuli formebi yalibdeba.

1.4. biologiis adgili mecnierebaTa sistemaSi

am sakiTxis ganxilvamde mizanSewonilia pasuxi gaeces kiTxvas: ra aris mecniereba? zogis Sexedu-
lebiT mecniereba Segrovebuli faqtebis kompleqtia, sxvebis SexedulebiT _ TeoriaTa erToblioba, 
danarCenebis azriT _ meTodebis erToblioba. mecniereba samive CamonaTvals moicavs. xSirad mecni-
reba faqtebisa da Teoriebis kopleqtad warmoudgeniaT, rac sinamdviles ar Seesabameba. mecniereba 
raRaciT cocxals Camohgavs, igi mudam viTardeba, izrdeba da srulyofilebisken iswrafvis.

mecniereba aris adamianis moRvaweobis sfero, romlis mizans Seadgens bunebis, sazoga-
doebisa da azrovnebis Sesaxeb obieqturi, WeSmariti codnis sistematizacia abstraqtul-lo-
gikuri formiT. mecnierebis uSualo amocanaa sinamdvilis movlenebisa da procesebis aRwera, axsna 
da prognozireba, mis mier aRmoCenili kanonzomierebebis safuZvelze. 

mecnieruli moRvaweobis safuZvelia,Ffaqtebis Segroveba, maTi sistematizacia, kritiku-
li analizi, maT safuZvelze axali codnis sinTezi da ganzogadeba. igi ara marto aRwers bunebaSi 
mimdinare an sazogadoebriv movlenebs, aramed adgens mizez-Sedegobriv kavSirebs.

mecnierebis mizania Seicnos da axsnas garemomcvel samyaroSi mimdinare movlenebi da kanone-
bis, Teoriebisa da principebis saxiT Camoayalibos. mecnieruli miRwevebi danergos praqtikaSi da 
amiT gaaumjobesos adamianTa cxovrebis pirobebi. aseve SesZlos momavlis prognozireba da daeu-
flos garkveuli procesebis marTvas.

mecnierebas pirobiTad oTx jgufad yofen:

 jgufi  M mecniereba 

sazogadoebrivi da humanitaruli

anTropologia, arqeologia, enaTmecniereba, istoria, ekonomika 
literaturaTmcodneoba, pedagogika, fsiqologia, politologia, 
sociologia, filosofia, iurisprudencia, eTnografia, xelovne-
baTmcodneoba da sxv.

zusti maTematika

sabunebismetyvelo
fizika, qimia, astronomia, biologia, dedamiwis Semswavleli mecnie-
rebebi (geologia, fizikuri geografia)

teqnikuri
informatika, bioteqnologia, kibernetika, bionika, agronomia, mSene-
bloba da arqiteqtura, meqanika, energetika da sxv.
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biologiis sagani da cocxali materiis Tvisebebi

sabunebismetyvelo mecnierebebi bunebaSi mimdinare procesebsa da movlenebs ikvlevs. biolo-
gia ikvlevs cocxal sistemebs, fizika _ materialuri samyaros kanonzomierebebs, qimia _ materia-
luri samyaros nivTierebebs, astronomia _ ciur sxeulebs, dedamiwis Semswavleli mecnierebebi _ 
planeta dedamiwas.

1.5. biologiis kvlevis meTodebi 

mecnieruli meTodi. ganviTarebis mTeli istoriis manZilze adamiani akvirdeboda da cdi
loboda Seecno cocxali buneba. bolo saukuneebSi mecnieruli codna organuli samyaros Sesaxeb 
sakmaod gaRrmavda da gafarTovda. am periodSi gacilebiT meti codna dagrovda, vidre mTlianad 
aTaswleulebis manZilze. XX saukunis meore naxevaridan biologia swrafi tempebiT viTardeba. es 
procesi mecnieruli meTodis gamoyenebam da misma srulyofam gamoiwvia. 

bunebaSi mimdinare movlenebs sabunebismetyveli mecnierebebi (fizika, qimia, biologia...) mec-
nieruli meTodiT ikvleven. mecnieruli meTodi Semdeg etapebs moicavs: bunebaSi mimdinare movle-

nebze dakvirvebas, hipoTezis Camoyalibebas, romliTac xsnian movlenas da 
hipoTezidan gamomdinare daskvnebis eqsperimentul Semowmebas. 

bunebaSi mimdinare movlenebs inteleqtualuri cnobismoyvareobiT 
vamCnevT da grZnobaTa organoebiT vakvirdebiT. magram am organoTa mier 
aRqmulma informaciam SeiZleba SecdomaSi Segviyvanos. magaliTisaTvis 
nekeris kubis dasaxelebac kmara (sur. 1.1). Tu warmodgenil naxazs SevxedavT, 
mogveCveneba, rom igi samganzomilebiani gamWvirvale kubia. sinamdvileSi ki 
erT sibrtyeze (qaRaldze) ganlagebuli xazebia. Tu naxazs ramdenime wams 
Tvals ar movacilebT, SevniSnavT, rom ukana gverdi win gamoiweva. Tu kvlav 
gavagrZelebT yurebas, zedapiri kvlav sawyis mdebareobas daikavebs. bune-
brivia, sinamdvileSi naxazi ar moZraobs. amrigad, Cvenma mxedvelobis orga-
nom SecdomaSi Segviyvana. amasTanave grZnobaTa organoebis garCevis unari 
SezRudulia, amitomac cdebSi nairgvar zust xelsawyoebs da kompiuterul 

sistemas iyeneben. maTi meSveobiT moipoveben sarwmuno informacias, Tvals adevneben cdis msvle-
lobas da amuSaveben mopovebul informacias.

bunebaSi mimdinare movlenebze dakvirvebiT mecniers mravali kiTxva ebadeba. mecnieruli me-
Todis sawyisi etapi Fproblemis dasaxvaa. Sesaswavli problemebi usazRvrod nairgvaria. zogier-
Ti maTganis Seswavla gavlenas ar axdens mecnierebis ganviTarebaze, zogierTi ki mecnierebis gan
viTarebasa da adamianTa keTildReobas iwvevs. bunebrivia, mecnieruli problemis dasaxvisas am 
mxares iTvaliswineben. amuSaveben iseT problemebs, romlebic kacobriobisa da mecnierebis pro-
gress emsaxureba. albert ainStainis azriT yvelaze rTuli problemis mkafiod da daxvewilad Ca-
moyalibebaa.

kvlevis Semdeg etapze mecnieri induqciuri msjelobiT Sesaswavl problemaze savaraudo pa-
suxs - hipoTezas ayalibebs. igi agrovebs problemis Sesaxeb arsebul informacias. formulirebuli 
hipoTezis dasasabuTeblad saTanado eqsperiments gegmavs, romelsac saTanado meTodebis meSveo-
biT anxorcielebs. miRebuli Sedegis safuZvelze gamoaqvs daskvna. igi aris pasuxi dakvirvebis Sede-
gad wamoWril problemaze. rodesac hipoTeza mravali eqsperimentiT (dakvirvebiT) dasturdeba da 
mas mecnieruli wreebi aRiareben, igi ukve Teorias warmoadgens.

sabunebismetyvelo, maT Soris Tanamedrove biologiuri mecnierebebi mecnieruli meTodiT 
xelmZRvanelobs. misi ganxorcieleba biologiaSi kerZo meTodebis mTeli sistemiT xdeba. biolo-
giuri kvlevis kerZo meTodebia: aRweriTi, SedarebiTi, istoriuli, eqsperimentuli.

aRwerilobiTi meTodi. igi uZvelesi meTodia. mcenareebisa da cxovelebis Seswavlisas, fa-
qtobrivi masalis Segrovebasa da aRweras farTod iyebebdnen Zveli msofliosa da saSualo saukunis 
mecnierebi. cocxal organizmTa (mikroorganizmebi, sokoebi, mcenareebi, cxovelebi) sistematikaSi 
aRwerilobiT meTods amJamadac ar daukargavs mniSvneloba. 

SedarebiTi meTodi. organizmebis agebulebis, fiziologiuri da bioqimiuri procesebis Seda-
rebiT maT urTierT msgavsebasa da gansxvavebas adgenen. am meTodiT miRebuli Sedegebis safuZvelze 
Camoayalibes ujreduli Teoria, aseve dasabuTes cocxali samyaros evoluciuri ganviTareba. amJa-
mad am meTods biologiis mravali dargi (SedarebiTi anatomia, SedarebiTi histologia, SedarebiTi 
bioqimia da sxv.) iyenebs.

istoriuli meTodi. am meTodma popularoba C. darvinis Sromebis aRiarebis Semdeg moipova. 
misi saSualebiT SesaZlebelia gaviazroT miRebuli Sedegi da SevadaroT warsulSi arsebul mec-
nierul Sexedulebas. am meTodiT ikvleven organuli samyaros istoriul ganviTarebas geologiur 
warsulSi, calkeuli taqsonis (tipi, klasi, rigi da misT.) filogenezs.

 sur. 1.1. nekeris kubi.
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eqsperimentuli meTodi. es meTodi biologiaSi Semoitana u. harveim, romliTac adamianSi si-
sxlis mimoqceva Seiswavla. didi mniSvneloba hqonda g. mendelis cdebs, romelic eqsperimentuli 
meTodis klasikur nimuSadaa miCneuli. mendelma eqsperimentuli meTodiT ara marto memkvidreobi-
Tobis movlena Seiswavla, aramed wamoyenebuli hipoTezis marTebulebac Seamowma. amJamad biolo-
giaSi eqsperimentul meTods wamyvani adgili uWiravs. amas xeli Seuwyo biologiur cdebSi urTule-
si aparaturis (eleqtronuli mikroskopi, dnm-seqvenatori, qromatografi da misT.) momarjvebasTan 
erTad, fizikisa da qimiis meTodebis gamoyenebam. eqsperimentis umaRlesi forma aris modelireba. 
ase magaliTad, kompiuteruli modelirebiT ikvleven evoluciis ZiriTad mimarTulebebs, ekosi-
stemis ganviTarebas, biosferoSi globalur klimaturi da teqnogenuri cvlilebebiT gamowveul 
mosalodnel Sedegebs.

amJamad biologia ganviTarebis axal etapze gadadis. eqsperimentuli meTodisa da sistemur-
struqturuli midgomiT axali mimarTuleba – sistemuri biologia Camoyalibda. misi mizania daad-
ginos, Tu rogor moqmedebs sistemis erTi an meti Semadgeneli nawilis cvlileba mTlian sistemasa 
da mis Semadgenel sxva nawilebze. ase magaliTad, moqmedebs Tu ara samkurnalo preparati samizne 
organos garda adamianis sxva organoebze da xom ar avlens igi uaryofiT gverdiT efeqts? rogor 
imoqmedebs biosferosa da mis Semadgenel struqturebze (ekosistema, saxeoba, populacia) atmosfe-
roSi naxSirorJangis koncentraciis TandaTanobiTi zrda? 

1.6. biologiur mecnierebaTa sistema

biologiis ganviTareba mimdinareobda sakvlevi obieqtis TandaTanobiTi gamartivebisa da 
diferenciebs gziT. Semecnebis am gzas “reduqcionizms” uwodeben. cocxali bunebis ganviTarebis 
zogadi kanonzomierebebis dadgena SesaZlebelia mxolod calkeul organizmTa Seswavlisa da ur-
TierTSedarebis (sinTezis) safuZvelze. 

biologiuri dargebidan reduqcionizmis (diferenciaciis) Sedegad damoukidebel discipli-
nebad yvelaze adre Camoyalibda zoologia da botanika (zoologia ikvlevs cxovelTa, botanika ki 
mcenareTa samefos).

orive mimarTuleba ganviTarebis Sedegad mogvianebiT viwro dargebad daiyo. zoologiaSi ga-
moiyo: protozoologia, romelic swavlobs erTujredian cxovelebs _ protistebs (amJamad am or-
ganizmebs protoktistebis samefoSi aerTianeben). entomologia _ mwerebs, iqTiologia_Tevzebs, 
orniTologia _frinvelebs, parazitologia _ parazit cxovelebs da sxv. botanikac mraval dargad 
daiyo: algologia, romelic swavlobs wyalmcenareebs, briologia _ xavsebs, dendrologia- merq-
nian mcenareebs (xeebsa da buCqebs) da sxv. botanikas gamoeyo da damoukidebel samefod Camoyalibda 
mikologia _ ikvlevs sokoebs.

kvlevis obieqtis mixedviT calke dargad formirda mikrobiologia- swavlobs mikroorganiz-
mebs, romelsac gamoeyo virusologia – ikvlevs virusebs, baqteriologia _ baqteriebs.

organizmTa mravalferovnebasa da maT ganawilebas taqsonomiur jgufebSi swavlobs sistema-
tika. organizmebis urTierTobas sxva individebTan da garemosTan Seiswavlis mecniereba ekologia. 
geografiul ganawilebas adgens biogeografia (fitogeografia da zoogeografia), wyalSi binadar 
cxovelebs hidrobiologia. paleontologia swavlobs namarx formebs, romlebic cxovrobdnen So-
reul warsulSi. am oganizmebidan zogi amomwydaria, zogic dResac agrZelebs arsebobas.

organizmis aRnagobas Seiswavlis morfologiuri dargebi: anatomia- swavlobs struqturaTa 
agebulebas SeuiaraRebeli TvaliT, histologia_ikvlevs qsovilebs mikroskopiT, ujreduli bio-
logia (Zv. saxelwodebaa citologia) _ ujreds. 

organizmSi mimdinare sasicocxlo procesebs swavlobs fiziologia. organizmis memkvidru-
lobisa da cvalebadobis kanonzomierebebs _ genetika. individuri ganviTarebis kanonzomierebebs 
_ ganviTarebis biologia, mis SemadgenlobaSi Sedis embriologia.

biologiis EerT-erTi mniSvnelovani dargia evoluciuri Teoria (bioevolucia), romelic swa-
vlobs organuli samyaros istoriuli ganviTarebis kanonzomierebebs.

sabunebismetyvelo mecnierebebisaTvis da kerZod biologiisaTvis damaxasiaTebelia agreTve 
sxvadasxva dargebis erTmaneTSi SeWris da integraciis (gaerTianebis) tendenciebi. “integra-
lizmis”, Sedegad biologiaSi Camoyalibda bioqimia_swavlobs organizmis qimiur Sedgenilobas da 
masSi mimdinare procesebs. biofizika- ikvlevs organizmSi mimdinare fizikur da fiziko-qimiur-
procesebs. bioqimiis, mikrobiologiisa da genetikis mijnaze Camoyalibda molekuluri biologia. 
calke dargad Camoyalibda radiobiologia, biokibernetika da kosmosuri biologia. socialur 
mecnierebaTa da biologiis mijnaze Camoyalibda anTropologia da biosociologia. biologiaSi 
SeiWra maTematika, ris safuZvelzec Camoyalibda biometria. kompiuterizaciam xelsayreli piro-
bebi Seqmna Teoriuli biologiis ganviTarebisaTvis. 
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Tavi 2. sicocxlis warmoSoba dedamiwaze

dedamiwaze sicocxlis warmoSoba biologiis erT-erTi mniSvnelovani da rTulad gadasawyveti 
problemaa. igi mudam ipyrobda swavlulTa yuradRebas. aRniSnuli problema mecnierebis istoriu-
li ganviTarebis sxvadasxva etapze sxvadasxvagvarad ganixileboda. dedamiwaze sicocxlis warmo-
Sobis Sesaxeb mravali maxvilgonivruli hipoTezaa mowodebuli. isini SeiZleba or jgufad davyoT. 
1. abiogenezis koncefcia. am Sexedulebis mixedviT, cocxali aracocxali materiidan warmoiSva. 2. 
biogenezis koncefcis mixedviT, cocxali mxolod cocxalisgan warmoiqmneba. SemoTavazebul hipo-
Tezebs Soris aRsaniSnavia: 1. kreacionistuli; 2. TviTCasaxvis (spontanuri Casaxva); 3. stacionaru-
li mdgomareobis (maradiulobis); 4. panspermiis (kosmiuri); 5. bioqimiuri evoluciis. 

kreacionistuli hipoTezis mixedviT, sicocxle Seiqmna gansazRvrul periodSi zebunebrivi 
Zalis (RmerTis) erTjeradi SemoqmedebiTi aqtis Sedegad. am Sexedulebas aviTareben dRes farTod ga-
vrcelebuli monoTeisturi (iudaizmi, qristianoba, islami) religiebi. iudaistur-qristianuli tra-
diciuli Sexeduleba gadmocemulia dabadebaSi [1.1-26] da dainteresebul mkiTxvels SeuZlia gaecnos. 
kreacionistuli hipoTeza pasuxobs SekiTxvas: ,,ratom?”, mecnierebam ki unda upasuxos SekiTxvas: ,,ra 
gziT?”. sabunebismetyvelo 
mecniereba Seiswavlis im 
movlenebs, romlebzedac 
dakvirvebaa SesaZlebeli. 
amdenad igi verasdros ver 
SeZlebs uaryos an daasabu-
Tos kreacionistuli hipo-
Teza.

TviTCasaxvis (spon-
tanuri Casaxvis) hipoTe-
zis Tanaxmad, sicocxle 
mravaljer warmoiSva Ta-
visTavad (spontanurad) 
aracocxali nivTierebebi-
sgan. igi kreacionistuli 
koncefciis alternatiul 
hipoTezas warmoadgens. 
amdagvari abiogenezis koncefcia gavrcelebuli iyo Zvel msoflioSi (CineTi, SuamdinareTi, egvipte, 
saberZneTi). zogierTi swavluli aviTarebda absurdul Sexedulebas, rom ,,zogierTi xe debs kvercxs” 
(empidokle), “Slamisgan Wiayela, xolo xorcisgan tili warmoiqmneba” (aristotele). XVIII saukuneSi 
gamoCenilma eqimma da bunebismetyvelma van helmontma Caatara cda da aRwera WuWyiani perangisa da 
xorblisgan sibneleSi 21 dReSi Tagvebis miRebis wesi (sur 2.1). TviTCasaxvis koncefcias iziarebda 
XVIII – XIX ss. mravali gamoCenili bunebismetyveli, maT Soris, Jan batist lamarki. 

italielma eqimma da bunebismetyvelma franCesko redim (aRiarebda biogenezis koncefcias) 1688 
w. Catarebuli cdebiT daasabuTa TviTCasaxvis gziT cocxali organizmebis warmoSobis SeuZlebloba. 
man rva qilaSi Caawyo xorcis 
naWrebi. naxevars marmaSa 
gadaafara, danarCeni ki Ta-
vRia datova. TavRia qilebSi 
marTlac gaCndnen matlebi, 
magram ara TviTCasaxvis Se-
degad, aramed buzebis mier 
dadebuli kvercxebidan. aqe-
dan man daaskvna, rom cocxa-
li mxolod cocxalisgan 
warmoiSveba (sur. 2.2).

mikroorganizmebis 
aRmoCenam xeli Seuwyo 
TviTCasaxvis hipoTezis xe-
laxal aRorZinebas. abioge-

sur. 2.1.	 van helmontis eqsperimenti: WuWyiani perangisa da xorblisgan 
sibneleSi 21 dReSi Tagvebis miRebis xerxi. qvemoT _ mecniers paralelu-
rad unda Caetarebia eqsperimentis sakontrolo varianti. 

sur. 2.2. franCesko redis mier Catarebuli eqsperimenti.
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nezis momxreni amtkicebdnen, rom aracocxali materiidan mxolod primitiuli formebi (mikroor-
ganizmebi) warmoiqmneba. gamoCenilma frangma mecnierma lui pasterma 1862 wels maxvilgonivruli 
martivi cdiT daamtkica TviTCasaxvis gziT mikroorganizmebis warmoSobis SeuZlebloba. pasterma 
kolbaSi bulioni (mikrobebis sakvebi are) moaTavsa. kolbis yels S-sebri minis mili miarCila da ga-
asterila. kolbaSi haeri Tavisuflad Sedioda, magram mikrobebi ver iWreboda (sur 2.3). pasterma 
gaiTvaliswina oponentTa argumenti, kerZod, garemosgan izolirebul daxSul areSi cocxali ar 
warmoiqmneba. kolbis SigTavsi, garemosTan uSualo kavSiris miuxedavad, Tveebis manZilze steri-
luri rCeboda. pasterma daasabuTa, rom organuli naerTebis Semcvel siTxeSi (bulionSi) mikroor-
ganizmebi TviTCasaxviT ki ar Cndeba, aramed garemodan xvdeba da xelsayrel pirobebSi mravldeba.

amJamad dedamiwaze TviTCasaxvis gziT sicocxlis warmoSoba ori mTavari mizezis gamo SeuZle-
belia. garemoSi arsebuli Jangbadi (Tavdapirvel atmosferoSi igi ar iyo) zemoqmedebs organul 
nivTierebebze, Slis an maT inaqtivacias iwvevs. meore faqtori reducentebis (baqteriebi, sokoebi 
da sxv.) moqmedebaa. isini STanTqaven da Slian organul nivTierebebs. 

stacionaruli mdgomareobis (maradiulobis) hipoTezis Tanaxmad, rogorc dedamiwa, ise 
masze dasaxlebuli saxeobebi mudmivad arsebobdnen. dedamiwaze yovelTvis iyo sicocxlisaTvis 
aucilebeli pirobebi. hipoTeza wamoyenebulia 1880 wels germaneli mecnieris v. preieris mier. am 
hipoTezis momxreebs miaCniaT, rom saxeobebi arasdros warmoSobilan. isini ar iziareben Sexedule-
bas, rom geologiur epoqebSi xdeboda garkveuli saxeobebis warmoSoba, ganviTareba, xolo zogier-
Ti maTganis amowydoma. am debulebis uarsayofad mohyavT Semdegi argumenti: paleontologiuri 
monacemebiT, mtevanfarfliani Tevzebi amowydnen carculi periodis bolos anu 70 milioni wlis 
win. magram mas Semdeg, rac indoeTis okeaneSi 1953 wels (kunZul madagaskarTan) pirvelad moipoves 
mtevanfarfliani Tevzi latimeria, saWiro gaxda am daskvnis Sesworeba. maTi SexedulebiT dRes ar-
sebuli saxeobebisa da namarxi formebis SedarebiT SesaZlebelia mxolod gairkves, amowyda Tu ara 
konkretuli saxeoba. isini namarxi formebis arsebobas ekologiur aspeqtSi ganixilaven, kerZod, 
ricxovnobis cvlilebiT an maTi xelsayrel pirobebSi migraciiT.

panspermiis (kosmiuri) hipoTezis mixedviT, sicocxle SeiZleba warmoSobiliyo erTxel an 
mravaljer, drois sxvadasxva periodSi Cveni galaqtikis an kosmosis sxvadasxva nawilSi (ubanSi) (e. i. 
gansxvavebul drosa da sivrceSi). SemdgomSi moxda cocxalis gansaxleba kosmosSi, saidanac steri-
lur dedamiwaze SemoaRwia. hipoTeza mowodebulia 1865 w. germaneli mecnieris g. rixteris mier. mas 
mxars uWerdnen gamoCenili fizikosebi helmholci, tomsoni da areniusi. sicocxlis maradiulobisa 
da panspermiis hipoTezebi wamoayenes pasteris gaxmaurebuli eqsperimentis gamoqveynebidan Zalian 
male. erTi SexedviT, igi am ukanasknelis logikur daskvnas warmoadgens. am hipoTezaSi yuradReba 
eqceva or sakiTxs: 1. ra saSualebebiT xorcieldeba erTi planetidan meoreze ,,sicocxlis Canasaxis‘‘ 
gadatana; 2. SeuZlia Tu ara “sicocxlis Canasxs” kosmiur sivrceSi cxovelqmedebis SenarCuneba.

kosmosSi Catarebuli gamokvlevebiT mecnierebma sicocxle mzis sistemaSi ver aRmoaCines. 
meteoritebsa da kometebSi gamovlenilia iseTi organuli nivTierebebi, romelTa unayofo deda-
miwaze moxvedris SemTxvevaSi SeiZleba ,,sicocxlis Canasaxi‘‘ yofiliyo. meteoritebTan SedarebiT 
organuli nivTierebebiT mdidaria kometebi, romelTa dedamiwaze dacema eWvs ar iwvevs. amerikelma 
mecnierebma 1996 wels marsis qvaSi baqteriebis msgavsi organizmis kvali aRmoaCines (isini ar miiCne-
ven, rom cocxalma marsidan SemoaRwia). sicocxlis umdablesma formebma da savaraudod mikrobebma 
da maTma sporebma xangrZlivad unda gauZlon kosmosis (absolutur nulTan miaxloebul tempera-
turas, maRal radiacias) pirobebs. amerikelma mecnierma m. grinbergma eqsperimentulad daasabuTa, 

sur. 2.3. pasteris cdis modeli. 1. kolbaSi Tavsdeba mikrobTa sakvebi are (bulioni). 2. kolbis yels eZleva 
S-is forma. 3. kolbaSi Casxmuli sakvebi are sterildeba. 4. kolbaSi moTavsebuli sakvebi are garemosTan uSua-
lod aris dakavSirebuli. haeridan kolbaSi mikrobebi da mtvris nawilakebi ver iWrebian. isini S-iseburi mi-
lis qveda muxlSi ileqebian. bulionSi TviTCasaxviT cocxal arsebaTa warmoqmna ar xdeba.
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rom Tu mikrobebs yinulis Txeli Sre faravs, maSin maT sakmaod didxans (107 wlamde) SeuZlia ko-
smosSi arseboba. gamoTqmulia mosazreba, rom dedamiwaze ,,sicocxlis Canasaxi‘‘ gamogzavnilia sxva 
planetebis mier kosmosuri xomaldebiT. es idea amJamad ,,mimarTuli panspermiis‘‘ saxelwodebiT 
moixsenieba. 

amrigad, panspermiis hipoTeza araviTar varauds ar gvTavazobs, Tu rogor SeiZleboda momxda-
riyo Tavdapirvelad sicocxlis warmoSoba sxva planetebze. aseve ar exeba dedamiwaze moxvedrili 
cocxalis Semdgom evoluciur ganviTarebas. igi aviTarebs ideas, warmoSobili cocxali sistemebi 
ra gziT SeiZleba gansaxlebuliyo kosmosSi da moxvedriliyo sterilur dedamiwaze. 

bioqimiuri evoluciis hipoTezis Tanaxmad, sicocxle warmoiSva dedamiwaze, misi ganviTare-
bis garkveul etapze, fizikur da qimiur procesebze damyarebuli bunebrivi (abiogenuri) movlenebis 
Sedegad. mecnieruli TvalTaxedviT, es koncefcia gacilebiT srulyofilad aris damuSavebuli.

Tanamedrove kosmogonuri warmodgenebis Tanaxmad, dedamiwa warmoiqmna daaxloebiT 5 mi-
liardi wlis win. miaCniaT, rom sicocxle dedamiwaze warmoiSva daaxloebiT 3,8 miliardi wlis win. 
3,5 miliardi wlis win Cvens planetaze ukve saxlobdnen fotosinTezis unaris mqone primitiuli 
(cianobaqteriebis msgavsi) cocxali organizmebi. zogjer isini qmnidnen mkvriv grovebs, romlebmac 
Cvenamde gaqvavebuli – stromatolitebis (gvxdeba avstraliisa da samxreT afrikis zRvis sanapiro 
zolSi) saxiT moaRwies.

bioqimiuri evoluciis hipoTeza wamoayenes rusma bioqimikosma a. oparinma (1924) da ingli-
selma mecnierma j. holdeinma (1929). am hipoTezis Tanaxmad, araorganuli nivTierebebidan Tanda-
TanobiT Camoyalibda organuli nivTierebebi, romlebmac saTave daudes cocxal ujreds. oparinis 
varaudiT, Tavdapirvelad Camoyalibda cilebisgan agebuli koacervatuli wveTebi (sistema), rome-
lic garemosTan nivTierebaTa cvlas anxorcielebda. holdeinis mosazrebiT, abiogenezis gziT sin-
Tezirebulma organulma naerTebma saTave daudo TviTwarmomqnel makromolekulur sistemas, ro-
melSic wamyvan rols nukleinis mJavebi asrulebda. oparin-holdeinis hipoTeza mravalma mecnierma 
aRiara da ganaviTara. 

amJamad, am hipoTezis momxreebi si-
cocxlis warmoSobis process pirobiTad oTx 
etapad yofen:

1. pirveladi atmosferos airebidan da-
balmolekuluri organuli naerTebis sinTezi;

2. monomerebisgan polimerebis (polipep-
tidebisa da polinukleotidebis) warmoqmna.

3. TviTwarmomqmneli sistemebis _ pro-
tobiontebis Camoyalibeba.

4. martivi ujredis Camoyalibeba, romel-
sac moepoveboda sicocxlisTvis damaxasiaTe-
beli niSnebi. kerZod, hqonda reproduqciuli 
genetikuri aparati, riTac Svileul ujredebs 
gadaecemoda mSoblis yvela qimiuri da metabo-
luri Tvisebebi.

pirveli sami etapi qimiur evolucias 
miekuTvneba, meoTxe ki – biologiurs. pirvel 
etapze moxda abiogenuri gziT martivi orga-
nuli nivTierebebis sinTezi. qimiuri evoluci-
is SesaZlebloba modeluri cdebiT pirvelad 
(1953) daasabuTes stenli milerma da nobelis 
premiis lauriatma harold iurim. pirvelad 
atmosferos savaraudo nivTierebebze (meTani, 
amiaki, molekuluri wyalbadi, wylis orTqli) 
eleqtruli muxtis zemoqmedebiT miiRes orga-
nuli nivTierebebi (sur. 2.4). sadReisod dada-
sturebulia abiogenuri gziT zogierTi rTuli 
organuli naerTis (aldehidebi, aminomJavebi, 
azotovani fuZeebi, nukleotidebi, monosaqa-
ridebi da misT.) sinTezis SesaZlebloba. amri-
gad, am etapze warmoiqmna nukleinis mJavebisa 
da cilebis monomerebi, aseve sxva biopolime-
rebis Semadgeneli komponentebi. atmosfero ar 
Seicavda Jangbads da organuli nivTierebebi 

sur. 2.4. s. milersa da h. iuris pirveladi atmosferosa 
da dedamiwis zedapiris modeli. a. rezervuari asaxavs 
dedamiwis mxurvale zedapirs, sadac kondnsirebuli 
wyali duRda da orTqldeboda. b. rezeruari pivelad 
atmosferos gamosaxavs. igi Seicavs airTa narevs (NH3, 
CH4, H2) da wylis orTqls. masSi xSiri iyo Zlieri el-
Weqi (xdeboda eleqtro ganmuxtva). c.kondensirebuli 
airi sawyis siTxes ubrundeba. garkveuli drois Semdeg 
siTxeSi sxvadasxva saxis rTuli organuli nivTierebebi 
gamoavlines.
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ar iJangebaoda. pirvelad okeaneSi maTi TandaTanobiTi garTulebiTa da dagrovebiT Camoyalibda 
,,pirveladi bulioni‘‘. Tanamedrove mecnierebis poziciidan qimiuri evoluciis pirveli etapi kar-
gad aris argumentirebuli.

qimiuri evoluciis meore etapze monomerTa polimerizaciis Sedegad Camoyalibda polipep-
tiduri da polinukleotiduri nivTierebebi. varaudoben, rom organul nivTierebaTa koncentra-
cia da polimerizaciis procesi unda momxdariyo mcire zomis guburebis fskerze an TavTxel, Tbil, 
organuli nivTierebebiT mdidar (,,pirveladi bulioni‘‘) zRvebis sanapiro zolSi. aorTqlebis gamo 
amdagvar garemoSi wyali umniSvnelo raodenobiT rCeboda. aseT pirobebSi abiogenuri gziT sinTe-
zirebuli mcire zomis polimerebi wylis zemoqmedebiT ver iSleboda, anu piruku reaqcia ar mimdi-
nareobda.

arsebobs mosazreba, rom koncentraciisa da polimerizaciis procesebi mimdinareobda ara 
Txevad (xsnarebi), aramed myar garemoSi, kristalur Tixnar zedapirze daleqili organuli NnivTie-
rebebiT mdidar masaSi.

mesame etapze anu prebiologiuri evoluciis sawyis etapze moxda mravalmolekuluri kom-
pleqsis Camoyalibeba. rTuli organuli naerTebidan Camoyalibda cila-nukleinur-lipidovani 
kompleqsi (mecnierebi am kompleqss sxvadasxva saxeliT moixsenieben: koacervatebi, probiontebi, 
progenotebi, mikrosferoebi da a.S.). maT aReniSnebodaT garemosTan urTierTqmedebis unari da 
cocxalisaTvis damaxasiaTebeli zogierTi niSani. amdagvari sistemebis arsebobis SesaZlebloba ax-
lad warmoSobil dedamiwaze mecnierebma eqsperimentulad daasabuTes. varaudoben, rom probion-
tebma dasabami misces protoujreds. Tavdapirvelad TviTwarmomqmnel molekulebs rnm warmoad-
genda. zogierT rnm-s aRmoaCnda katalizuri funqcia (T. Ceksa da s. altmans rnm-is avtosplaisingis 
aRmoCenisaTvis 1989 w. nobelis premia mieniWa). rnm erTdroulad genic iyo da fermentic. energiis 
wyarod iyenebdnen abioturi gziT sinTezirebul garemoSi arsebul atf-s.

amerikelma mecnierma u. gilbertma Tavdapirvel dedamiwaze arsebul amdagvar sistemebs ,,rnm-
is samyaro‘‘ uwoda. amJamad mecnierebs Soris sakamaTod aris qceuli, Tu sad warmoiSva probion-
tebi. zogierT mkvlevars miaCnia, rom probiontebi unda warmoSobiliyo mcire zomis guburebSi an 
TavTxel zRvebSi. zogierTi mecnieris varaudiT, vinaidan dedamiwis zedapiri kosmiuri sxeulebiT 
(meteoritebi, kometebi) ibombeboda, probiontebi pirveladi okeanis Rrma fenebSi, SedarebiT ucv-
lel, saimedod dacul garemoSi unda warmoSobiliyo. amJamad okeanis fskerze hidroTermul naka-
dulebSi gamovlenilia ekosistema (baqteriebi, Wiebi, moluskebi), romelic mzis sinaTlis energiis 
nacvlad qimiur energias iyenebs.

meoTxe etapi – ujredis warmoSoba. zogierTi mecnieri miiCnevs, rom protoujredi anu pir-
veladi ujredi agebulebiT arqebaqteriebis msgavsi unda yofiliyo. maT aReniSnebodaT dnm-sagan 
organizebuli genetikuri aparati da cilis masinTezirebeli sistema. isini garemosgan cilovan-
lipiduri membraniT iyvnen gamijnuli. protoujreds Camoyalibebuli hqonda nivTierebaTa da 
energiis cvla, romelsac genetikuri aparati akontrolebda. energias moipovebdnen uJangbado da-
Slis – glikolizis gziT.

Tavdapirveli organizmebi heterotrofebi iyvnen da ikvebebodnen ,,pirvelad bulionSi‘‘ ar-
sebuli organuli nivTierebebiT. organizmebis intensiuri gamravlebis gamo pirvelad okeaneSi or-
ganul nivTierebaTa maragi mniSvnelovnad unda Semcirebuliyo. amgvarma pirobebma gaamwvava konku-
rencia. bunebrivi gadarCevis zewolam, erTi mxriv, ganapiroba organizmebis agebulebis garTuleba 
da gasrulyofileba. meore mxriv, organizmTa garkveulma jgufma sasicocxlo procesebisaTvis 
energiis axali wyaro aiTvisa. maT arogenezis Sedegad CamouyalibdaT avtotrofuli kveba (qemosin-
Tezi da fotosinTezi) da atmosferuli azotis fiqsaciis unari (ix. Tavi 5). 

dedamiwaze sicocxlis Semdgomi ganviTarebisaTvis udidesi mniSvneloba hqonda advilad xel-
misawvdomi sinaTlis energiis gamoyenebiT araorganulidan organuli naerTebis sinTezis (foto-
sinTezi) Camoyalibebas. erTis mxriv iqmneboda organul nivTirebaTa maragi, romelsac heterotro-
febi iyenebdnen sakvebad. meores mxriv atmosfero molekuluri JangbadiT mdidrdeboda. pirveladi 
atmosfero (igi ar Seicavda Jangbads) Seicvala. garemos molekuluri JangbadiT gamdidrebiT Seiqm-
na energetikuli cvlis Jangbadiani etapis Camoyalibebis winapiroba. igi glikolizisa da duRili-
sagan gansxvavebiT gacilebiT efeqturia, vinaidan meti atf sinTezdeba. organizmTa swrafi zrdisa 
da ganviTarebisaTvis Seiqmna xelsayreli piroba, ramac daaCqara maTi evoluciis procesi. warmoi-
qmna sicocxlis damcveli ozonis ekrani. 

eukariotuli ujredis  warmoSoba. paleontologiur masalaze dayrdnobiT mecnierebi miiC-
neven, rom daaxloebiT 1 _ 1,5 miliardi wlis win SedarebiT martivi organizaciis prokariotuli 
ujredebidan gacilebiT rTuli aRnagobis eukariotuli ujredebi Camoyalbda. 

mowodebuli hipoTezebidan amJamad yvelaze popularulia eukariotebis warmoSobis simbioGEN-
genezis hipoTeza.   am hipoTezis Tanaxmad, eukariotuli ujredis  mitoqondriebi, plastidebi, 
Soltebisa da wamwamebis bazaluri sxeulakebi odesRac Tavisuflad binadari prokariotuli ujre-
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debi iyvnen. didi zomis anaerob 
ameboidur ujredSi maTi SeRweviT 
Seiqmna mtkice asociaciebi. simbio-
genezis gziT eukariotuli ujre-
dis warmoSobis procesSi gamoyo-
fen Semdeg etapebs: 1. didi zomis 
ameboidur, anaerobul prokario-
tul ujredSi (maspinZeli-ujredi) 
Casaxlda mcire zomis aerobi pro-
kariotuli ujredi. simbiozur-
ma Tanaarsebobam am ukanasknelis 
TandaTanobiT mitoqondriebad 
gardaqmna gamoiwvia. 2. aerobuli 
(mitoqondriebis mflobeli) pro-
kariotuli  maspinZeli ujredisa 
da spiroqetebis msgavsi prokario-
tuli ujredis simbioziT Soltebi, 
kinetosoma da centrosoma Camoya-
libda. am organoidebis dnm-s Tana-
monawileobiT  ujredis genetiku-
ri masala TandaTanobiT birTvad 
diferencirda (citoplazmas ge-
netikuri masala garsiT gamoeyo), 
rac  eukariotuli ujredis warmo-
Sobas niSnavs. aseTma ujredma da-
sabami misca cxovelTa da sokoebis 
samefos. 3. simbiozis kidev erTi 
aqtiT ganxorcielda eukariotul 
ujredSi prokariotuli ujredis, 
kerZod cianobaqteriebis Canergva. 
es ukanaskneli TandaTanobiT pla-
stidebad diferencirda. miaCniaT, 
rom amdagvarma ujredebma saTave 
daudes mcenareTa samefos (sur. 
2.5). simbiogenezur hipoTezas 
Semdegi sarwmuno argumentebi mo-
epoveba: 1. centriolSi, plasti-
debsa da mitoqondriaSi sakuTari 
dnm-is Tanapovniereba. 2. qloro-
plastsa da mitoqondrias gaaCniaT 
wriuli baqteriebis dnm-is msgavsi 
struqturebi, romlebSic genebia 
ganlagebuli. 3. qloroplasti da 
mitoqondria  Seicavs baaqteriis 
msgavs ribosomebs, MmaSasadame maT 
gaaCniaT cilebis masinTezirebeli 
sakuTari aparati. 4. cilis sinTezi mitoqondriasa da qloroplastSi iseTive wesiT mimdinareobs, 
rogorc prokariotul  ujredSi.

  alternatiul Sexedulebas anviTareben invaginaciis hipoTezis avtorebi. eukariotuli 
ujredis winapari aerobuli prokarioti ujredia. amdagvar   maspinZel-ujreds plazmuri membranis 
Siga zedapirze moepoveboda ramdenime genomi. dnm-is Semcveli organoidebi da birTvi Camoyalibda 
garsis Cadrekvisa da gadazonrvis _ invaginaciis Sedegad. garsis invaginaciis gamo membranis ori 
SriT SefuTuli genomebi citoplazmaSi aRmoCndnen. genomebis Semdgomi evolucia sxvadasxva gziT 
warimarTa, erTi maTgani birTvad, sxvebi mitoqondriad, centriolad da qloroplastebad dife-
rencirda.

sur. 2.5. simbiozis gziT eukariotuli ujredis Camoyalibebis Tan-
mimdevruli etapebi
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Tavi 3. organizmTa mravalferovneba da sistematika

3.1. biologiuri mravalferovneba

biomravalferovneba esaa cocxali bunebis erT-erTi gansakuTrebuli Tviseba _ warmoqmnas 
gansxvavebuli formebi sicocxlis organizaciis nebismier doneze. biomravalferovneba gulisx-
mobs sicocxlis nairgvarobas genebidan moyolebuli ekosistemebis CaTvliT. sicocxles safuZv-
lad udevs organuli molekulebis mravalferovneba. nairgvari ujredebisgan yalibdeba sxvadasxva 
saxis qsovilebi da organoebi, xolo am ukanasknelTagan _ gansxvavebuli organizmebi. organizmTa 
mravalferovneba dasabams aZlevs gansxvavebul saxeobebsa da ekosistemebs.

xSirad termini ,,biomravalferovneba‘‘ viwro mniSvnelobiT ixmareba. am SemTxvevaSi igulisx-
meba genetikuri, saxeobrivi da ekologiuri mravalferovneba. genetikuri mravalferovneba memkvi-
druli cvalebadobiT (mutaciebi, rekombinacia) miiRweva. genetikuri mravalferovnebiT iqmneba 
evoluciuri procesisaTvis masala, romlis gamoyenebiTac axali saxeobebi warmoiqmneba – Sesabami-
sad, izrdeba saxeobrivi mravalferovneba.

saxeobriv mravalferovnebas ikvlevs botanika, mikologia, zoologia mikrobiologia da pa-
leontologia. dedamiwaze uamravi da mravalferovani saxeoba binadrobs. magaliTad, Tanamedrove 
cxovelTa samefoSi 2 mln-mde saxeobaa aRwerili, mcenareTa samefoSi - 0.5 mln., sokoTa samefoSi _ 
100 aTasi, mikrobebSi _ 4.5 aTasi. yovelwliurad aTasobiT axali saxeobis gamovlena xdeba. miaCniaT, 
rom amJamad dedamiwaze 10 milionze meti saxeoba saxlobs. Tu asea, maSin dRes dedamiwaze binadar 
saxeobaTa mxolod 5% yofila aRwerili. paleontologTa gamoTvliT, amJamad arsebuli saxeobe-
bi dedamiwaze warmoSobil saxeobaTa saerTo raodenobis daaxloebiT 2_5%-s Seadgens. saxeobaTa 
didi nawili, maT Soris, didi sistematikuri jgufebi, dedamiwis istoriuli ganviTarebis proces-
Si amowyda. sanimuSod namarxi qvewarmavlebis dasaxelebac kmara. maTi umravi da nairgvari saxeoba 
farTod iyo gavrcelebuli dedamiwaze. Tanamedrove qvewarmavlebi am odesRac uzarmazari jgufis, 
mxolod umniSvnelo naSTs warmoadgens. 

saxeobaTa nairgvaroba garkveulwilad ganapirobebs ekosistemaTa mravalferovnebas. nebi-
smieri ekosistema saxeobrivi SemadgenlobiT individualuri da specifikuria. masSi erTi an ram-
denime saxeoba (e. w. dominanti) ricxovnobiT Warbobs, sxvebi ki ufro mcirericxovanni arian. es uka-
nasknelni gansazRvraven ekosistemis mravalferovnebas. dominanti saxeobebi ekosistemas iersaxes 
aZleven. rac ufro meti saxeobaa ekosistemaSi, miT ufro rTulia misi organizacia da meti mdgra-
dobiTac gamoirCeva. rTul ekosistemaSi gacilebiT grZeli kvebiTi jaWvebi gvxvdeba, bioturi kav-
Sirebi (simbiozi, mtacebloba, parazitizmi) gacilebiT mravalferovani da aqtiuria, xolo kvebiTi 
qseli _ bevrad ufro rTuli. ekosistemebi erTmaneTisagan biomravalferovnebiT gansxvavdeba, 
zogierTSi mravali saxeoba binadrobs (magaliTad, maradmwvane wvimiani tropikuli tye), zogSi ki 
(magaliTad, udabno) _ mxolod ramdenime.

3.2. sistematika

rogorc aRiniSna, cocxal samyaros axasiaTebs biologiuri nairgvaroba, romlis erT-erTi 
gamoxatuleba saxeobaTa mravalferovnebaa. sicocxlis organizaciis saxeobriv doneze mraval-
ferovnebis struqturuli erTeuli aris saxeoba, xolo dones saxeobaTa raodenobiT sazRvraven. 
sadReisod aRweril saxeobaTa raodenoba STambeWdavia, maT sistematizireba da mowesrigeba esaWi-
roeba. swored am problemas ikvlevs mecnieruli dargi biologiuri sistematika. misi mizania, ro-
gorc dRes arsebuli, ise amomwydari saxeobebis aRwera, maTi saklasifikacio jgufebis (taqsonebis) 
mixedviT ganawileba da klasifikaciis bunebrivi sistemis Seqmna. 

biologiis ganviTarebis nebismier etapze xdeboda biomravalferovnebis Sesaxeb codnis Seja-
meba da sistemis SemuSaveba. aseTi sistema mecnierebis progress uwyobda xels. organizmTa sistema 
biologiur kanonzomierebebs asaxavs. igi ara marto ganazogadebs faqtebs, aramed prognozirebis 
unarsac flobs. magaliTad, Tu axlad mopovebuli ucnobi saxeobis individs sam nawilad dayofili 
qitiniT dafaruli sxeuli da eqvsi dasaxsruli fexi aqvs, zoologi am cxovels usaTuod mwerebis 
klass miakuTvnebs. mas anatomiuri gamokvlevis gareSec SeuZlia gansazRvros cxovelis Sinagani 



23.

organizmTa mravalferovneba da sistematika

agebuleba; kerZod, mravalsakniani gulis, traqealuri sunTqvis sistemis, muclis nervuli Zewkvisa 
da xaxis zeda da qveda nervuli kvanZebis arseboba da yvela is niSani, romelic mwerebisTvis aris 
damaxasiaTebeli. 

sistematikas, Teoriulis garda, praqtikuli mniSvnelobac aqvs. ase magaliTad, toqsoplazma 
adamianis mZime daavadebas – toqsoplazmozs iwvevs. am cxovelis sistematikuri kuTvnileba karga 
xans ucnobi iyo, xolo mkurnaloba _ garTulebuli. mecnierebma toqsoplazmis sasicocxlo ciklis 
erT-erTi stadiis eleqtronuli mikroskopiT kvlevisas koqcidiebisTvis damaxasiaTebeli niSnebi 
gamoavlines. amrigad, dadginda, rom paraziti koqcidiebs miekuTvneboda. daavadebis samkurnalod 
ki adre cnobili koqcidiebis sawinaaRmdego efeqturi preparatebi gamoiyenes.

saxeobis aRsaniSnavad iyeneben binarul nomenklaturas (ormag saxelwodebas). yoveli saxeoba 
ori laTinuri sityviT aRiniSneba. magaliTad, ZaRls hqvia Canis familiaris . am ori laTinuri sityvi-
dan pirveli arsebiTi saxelia, iwereba saTao asoTi da gvars aRniSnavs, meore – zedsarTavi _ iwe-
reba patara asoebiT da saxeobis sakuTari saxelia. binaruli nomenklatura sayovelTaoa cocxali 
samyarosaTvis; gamonaklisia virusebi. maT cifrebiT, laTinuri an berZnuli anbaniT (magaliTad, 
virusi SV40; fagi. T4) an niadagsaxmari saxelwodebiT (magaliTad, cofis virusi, poliomielitis vi-
rusi) aRniSnaven.

nebismieri saxeoba warmoSobis, ganviTarebisa da amowydomis etapebs gadis. mravali saxeoba 
anTropogenuri faqtoris zemoqmedebiT amowyda. p. oldakis (1990) monacemebiT, am faqtoris zemo-
qmedebis gamo yoveldRiurad 1-2 saxeoba gadaSenebis zRvars aRwevs. amJamad biomravalferovnebis 
dacvas didi yuradReba eqceva. Sedgenilia gadaSenebis piras myofi saxeobebis wiTeli nusxa (bune-
bisdacviTi dokumenti) da farTo mkiTxvelTaTvis misi popularuli varianti wiTeli wigni.1

 saxeobis kriteriumebi. saxeobebi erTmaneTisagan mravali niSan-TvisebiT gansxvavde
ba. erT gvarSi gaerTianebuli monaTesave saxeobebi saerTo msgavsebis miuxedavad gansxvavdebian 
morfologiurad, geografiuli gavrcelebiT, aseve, qcevebiT, fiziologiuri niSnebiT da sxv. 
saxeobisaTvis damaxasiaTebel niSan-Tvisebebs kriteriumebs uwodeben. saxeobrivi identificireba 
Semdegi kriteriumebiT xorcieldeba:

morfologiuri kriteriumi sistematikaSi gamoyenebul kriteriumTa Soris erT-erTi uZve-
lesia. igi efuZneba erT saxeobaSi gaerTianebuli individebis morfologiur msgavsebas. igi er-
TaderTi kriteriumia, romelic paleontologiaSi gamoiyeneba. erTmaneTs adareben Tanamedrove 
formebs, aseve Tanamedrove da winapar formebs. 

morfologiuri kriteriumiT SeuZlebelia saxeoba-oreulebis gamijvna. saxeoba-oreulebi ga-
regani niSnebiT erTmaneTisagan TiTqmis ar gansxvavdeba. aseTi formebi xSirad gvxvdeba uxerxemlo 
cxovelebSi, xerxemlianebSi ki iSviaTia. magaliTad, Sav virTagvaSi gvxvdeba ori saxeoba-oreuli. 
erTs _ 38, meores ki 42 qromosoma aReniSneba. vinaidan zogjer saxeobebi morfologiurad mkafiod 
ar arian gamijnuli, xolo zogierTi maTgani (saxeoba-oreulebi) morfologiuri niSnebiT faqto-
brivad erTmaneTisagan ar gansxvavdeba, amdenad, mxolod morfologiuri kriteriumi ar aris sakma-
risi imis dasadgenad, Tu romel saxeobas ekuTvnis individi. 

fiziologiur-bioqimiuri kriteriumi. am kriteriumis mixedviT, erTsa da imave saxeobaSi 
gaerTianebul individebis genebs msgavsi nukleotiduri Tanamimdevroba unda hqondeT, xolo orga-
nizmSi _ msgavsi cxovelqmedebis procesebi unda mimdinareobdes. molekuluri biologiis uaxlesi 
meTodebiT mraval saxeobaSi Seswavlilia birTvul da mitoqondriul genTa dnm-is Tanamimdevro-
ba. Seqmnilia dnm-is sadiagnosto zondebi, romlebiTac uSecdomod sazRvraven saxeobis statuss. 
monaTesave saxeobaTa dnm nukleotidebis Tanmimdevrobis mixedviT erTmaneTisagan umniSvnelod 
gansxvavdeba, xolo filogenezurad dacilebul saxeobebSi es maCvenebeli sakmaod gansxvavebu-
lia. am kriteriums garkveuli naklic aReniSneba zogierTi aminomJavis (mag., lizini) metabolizmis 
gza monaTesave cxovelebSi gansxvavebulia, maSin, rodesac sistematikurad dacilebul saxeobebSi 
(E.coli, N.crassa) zogierTi aminomJavas (mag., arginini, histidini) metabolizmi erTnairia. amrigad, 
mxolod es kriteriumi ar aris sakmarisi saxeobis identificirebisaTvis. 

geografiuli kriteriumi. saxeobas gansazRvruli areali uWiravs, e. i. is misTvis xelsayrel 

1 karl line (1707_1778). Tanamedrove sistematikis fuZemdebelia Svedi naturalisti da eqimi karl line. man 
Tavi mouyara didZal masalas da winamorbedTa miRwevebis gaTvaliswinebiT Seqmna mcenareTa da cxovelTa 
mwyobri moxerxebuli sistema. SeimuSava sistematikis mecnieruli principebi da moaxdina mcenareTa da cxo-
velTa klasificireba. igi gadmocemulia naSromSi ,,bunebis sistema‘‘ (1735). linem SemoiRo safexurebrivad 
urTierTdaqvemdebarebuli (ierarqiuli) sistematikuri erTeulebi: klasi, rigi, gvari, saxeoba, qvesaxeoba. 
pirvelma Camoayaliba Sexeduleba saxeobis, rogorc universalur, diskretul, bunebaSi realurad arsebul 
kategoriaze. misi SexedulebiT saxeoba mdgradi da ucvlelia, romelic mkveTrad gamijnulia danarCeni sa-
xeobebisagan. linem saxeobis aRniSvnis aucilebel pirobad daamkvidra saerTaSoriso (laTinuri) binaruli 
nomenklatura.
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pirobebSi saxlobs. saxeobis arealis 
gansazRvruloba ekologiuri pirobe-
bis diskretulobaze miuTiTebs. amito-
mac mas ekologiur kriteriumTan aer-
Tianeben da ekologiur-geografiul 
kriteriums uwodeben. arealis far-
Tobi, forma da ganlageba biosferoSi 
mniSvnelovani saxeobrivi niSania. yovel 
saxeobas TavisTvis gamosadegi terito-
ria uWiravs, aqvs warmoSobis kera. igi 
specifikur damokidebulebas amyarebs 
arealSi gavrcelebul sxva saxeobebTan. 
saxeobis daxasiaTeba araa srulyofili, 
Tu ar aRiniSna arealis specifikuri Ta-
viseburebebi. 

magram am kriteriumsac araerTi 
naklovaneba aqvs. arseboben iseTi saxeo
bebi, romlebsac erTi da igive areali 
uWiravT (mag., qondara fiWvs, daurul 
lariqss da surnelovan verxvs erTi da 
igive areali ukaviaT). bunebaSi gvxvde-
ba kosmopoliti saxeobebi (magali-
Tad, delfini orcinusi, yorani, WinWa-
ri da sxv.). areali ar gaaCnia adamianis 
mier uneburad gavrcelebul saxeobebs 
(saxlis Tagvi, virTagva, tarakana, oTa
xis buzi da sxv.), parazitebsa da rude-
rul mcenareebs. am SemTxvevaSi geogra-
fiuli kriteriumi Tavis mniSvnelobas 
kargavs. amrigad, mxolod geografiuli 
kriteriumi araa sakmarisi saxeobis gan-
sasazRvrad. 

genetikuri kriteriumi saxeobis 
rangis gansazRvrisaTvis mniSvnelovani 
kriteriumia. am kriteriumis safuZvelia 
saxeobis genetikuri erTianoba. yovel 

saxeobas evoluciis procesSi misTvis damaxasiaTebeli kariotipi (qromosomaTa raodenoba, zoma, 
forma) Camouyalibda. kariotipi mniSvnelovani kriteriumia. saxeoba reproduqciulad daxSuli 
izolirebuli sistemaa. saxeobaSi gaerTianebul individebs Soris mimdinareobs Tavisufali Sejva-
reba, rac saxeobis erTianobas ganapirobebs. arsebobs wyvetili arealis mqone saxeobebi (mag., cis
feri kaWkaWi, xlakuna, isli da sxv.), (sur. 11.4). aseve, agamuri formebi, obligaturi parTenogenezu-
ri saxeobebi. zemoT dasaxelebul formebs Soris Tavisufali Sejvareba da genetikuri informaciis 
gacvla ar mimdinareobs. amgvar populaciebSi individTa genetikuri erTianoba ar warmoiqmneba. 

meore mxriv, zogjer axlo mdgom saxeobebSi gaerTianebuli individebi erTmaneTs ejvarebian 
da fertilur STamomavlobas warmoqmnian. aseve, qromosomuli da genomuri mutaciiT kariotipi 
icvleba, magram mutanti axali saxeoba ar aris. yovelive zemoT aRniSnulis gamo mxolod genetiku-
ri kriteriumi ar aris sakmarisi saxeobis identificirebisaTvis. 

saxeobis dasadgenad yvela kriteriumis gamoyeneba SeuZlebelia. konkretul SemTxvevaSi in
dividebis dajgufebis rangis gansazRvra xelmisawvdomi kriteriumebiT xorcieldeba. marTalia, 
saxeoba diskretuli sistemaa, magram imis gansazRvra, Tu romel saxeobas ekuTvnis esa Tu is indivi-
di, yovelTvis ar aris advili.

organizmTa sistema. organizmTa ierarqiuli dajgufeba xorcieldeba naTesaobis (evolu-
ciuri principis) mixedviT. cocxali samyaros sistemas dasrulebuli saxe jer kidev ar miuRia. axal 
mecnierul gamokvlevaTa safuZvelze mimdinareobs sistemis daxvewa. amJamad sayovelTaod aRiare-
buli sistema jer kidev ar aris SemuSavebuli. amitomac, sxvadasxva saxelmZRvaneloSi, sacnobaro 
literaturasa Tu saitze sxvadasxva saxis sistemas waawydebiT.

aristoteles droidan (Zv. w. IV s.) moyolebuli XIX s-is Sua wlebamde cocxal samyaros orad _ 
mcenareTa da cxovelTa samefod _ yofdnen. amave saukunis 60-ian wlebSi mesame samefod umartive-
sebi gamoyves. sistematikis istoriaSi mniSvnelovania 1925 weli, rodesac frangma sistematikosma 

sur. 3.1. ujreduli organizaciis mqone organizmTa klas-
ifikaciis sqema.
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e. Satonma cocxali samyaro or did jgufad _ prokarotebad da eukariotebad _ dayo. mis mier 
SemoTavazebuli terminebi biologiaSi myarad damkvidrda. gasul saukuneSi popularoba moipova 
r. uiteikeris (1969) mier xuT samefod dayofilma sistemam. mas aqtualoba dResac ar daukargavs. 
es samefoebia: Monera (baqteriebi da cianobaqteriebi), protista (erTujrediani eukariotuli orga-
nizmebi), Animalia (mravalujrediani cxovelebi), Fungi (sokoebi), Plantae (mcenareebi). 1982 w. ameri-
kelma mecnierebma margelisma da Svarcma warmoadgines xuT samefod dayofili sistemis srulyo-
fili varianti. maT samefoebi zesamefoSi (prokariotTa da eukariotTa domeni) _ gaaerTianes. es 
sistema sakmaod popularulia saswavlo-sacnobaro literaturaSi da Cvenc am sistemas vTavazobT 
mkiTxvels (sur. 3.1).

gamoCenilma sistematikosma T. kavalie-smitma (1998) mecnieruli kvlevis Tanamedrove miRwe-
vebis gaTvaliswinebiT cocxali samyaro or did erTeulad – domenad (zesamefo) da Svid samefod 
dayo. es sistema Semdegi saxisaa: 1. domeni prokariotebi, masSi gaerTianebulia ori samefo: arqe-
baqteriebi da eubaqteriebi. 2. domeni eukariotebi, masSi gaerTianebulia xuTi samefo: cxovelebi, 
sokoebi, mcenareebi, qromistebi da protistebi. 

klasifikaciis Tanamedrove sistemis ZiriTadi taqsonebia: 1. samefo _ regnum; 2. tipi _ phylum 
(mcenareebSi ganyofileba _ divisio); 3. klasi _ classis; 4. razmi (mcenarebSi rigi) _ ordo; 5. ojaxi _ 
familia; 6. gvari _ genus; 7. saxeoba _ species.

sistemaSi saxeoba sicocxlis erT-erTi ierarqiuli done da, amasTanave, ZiriTadi taqsono-
miuri erTeulia.

3.3. domeni (zesamefo) prokariotebi Procaryota			 
	  samefo monerebi – Monera

moneraTa samefoSi gaerTianebulia uZvelesi warmoSobis prokariotuli organizmebi. isini 
dedamiwaze 3.5 miliardi wlis win ukve saxlobdnen. SemorCenilia primitiuli prokariotebis gaqva-
vebuli naSTebi _ stromatolitebi. monareTa samefos sam ganyofilebad (tipi) yofen: arqeebi (Zv. 
saxelwodebaa arqebaqteriebi), eubaqteriebi da oqsifotobaqteriebi.

arqeebi anu arqebaqteriebi bunebaSi farTod gavrcelebuli, uZvelesi warmoSobis, proka-
riotuli organizmebia. zogierTi maTgani gvxdeba iseT garemoSi, sadac sxva organizmebs arseboba 
ar SeuZlia. kerZod, cxel wylebSi (optimaluri temperaturaa 80-1050C), mJava (pH 1-2) an tute (pH 
9-11) garemoSi, damlaSebul niadagebsa da wyalsatevebSi (NaCl 25-30%), Rrma wyalsatevebis fskerze 
(uZleben 700 atmosferomde wnevas).

arqeebi nairgvari formis (sferuli, Cxiriseburi, xveuli da misT.) da mcire zomis (0.4 – 1 mkm.) 
ujredebia. mraval maTgans moepoveba Soltebi, romlebic eukariotebisgan gansxvavebiT ramde-
nime saxis cila flagelinisagan aris agebuli. mravldebian ujredis orad (binaluri) gayofiT, 
dakvirtviTa da fragmentaciiT. maT ar SeuZliaT rTuli hidrolizuri fermentebis sinTezi, ami-
tomac heterotrofebi martivi organuli nivTierebebiT ikvebebian. gaaCniaT erTi rgolovani 
baqteriuli qromosoma, romelic citoplazmidan membraniT ar aris gamijnuli. genebi eukariote-
bis msgavsad mozaikuri (ekzon - intronuli) struqturisaa. arqeebi eubaqteriebisa da eukariote-
bisgan Semdegi niSnebiT gansxvavdeba: 1. ujredi Semofarglulia erT- an orSriani lipiduri membra-
niT. 2. membranuli lipidebi Sedgeba sxva 
organizmebis msgavsad ara glicerinisa 
da cximovani mJaveebisgan, aramed glice-
rinisa da mravalatomiani (terpenoidebi) 
spirtebisgan. 3. ujredis kedeli agebu-
lia cilebisa da fsevdomureinisgan. es 
ukanaskneli mxolod arqeebSi gvxvdeba. 
4. fototrofebSi mafotosinTezebeli 
pigmentia ara qlorofili, aramed baqte-
riorodopsini. 5. meTanwarmomqmneli 
arqeebi naxSirbadis wyarod CO2-s iyenebs 
da meTans warmoqmnis. 6. ribosomuli 16S 
rnm unikaluri Sedgenilobisaa, romlis 
msgavsic sxva samefoebSi ar gvxvdeba.

eubaqteriebi gvxvdeba yvelgan _ 
xmeleTis zedapirsa da mis Rrma feneb-
Si, wylebSi, atmosferoSi, mcenareTa da 
cxovelTa sxeulze da sxeulSi. isini er-

sur. 3.2. eubaqteriebis ujredis forma. 1. koki. 2. diplokoki. 
3. streptokoki. 4. stafilokoki. 5. sarcina. 6. bacila. 7. vi-
brioni. 8. spirili
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Tujrediani, mcire zomis prokariotuli organizmebia. ujredis sigrZe 1-dan 10 mkm-mde meryeobs, 
xolo diametri saSualod 1-mkm-s Seadgens. maTi raodenoba kolosalur ricxvs aRwevs. magaliTad, 1 
gr. nayofier miwaSi daaxloebiT 2.5 miliardi baqteriaa, xolo 1 sm3 axal rZeSi 3 miliardamde. 

baqteriaTa sxeulis forma nairgvaria. maT SeiZleba hqondeT sferuli (koki), Cxiriseburi (ba-
cila) an xveuli forma. zogjer ujredebi erTmaneTTan aris dakavSirebuli da nairgvar struqtu-
ras qmnis. kokebi SeiZleba iyos wyvil-wyvilad ganlagebuli _ diplokokebi, kuburad _ sarcine-
bi, Zewkviseburad _ streptokokebi, mtevniseburad – stafilokokebi. xveulis formis baqteria 
SeiZleba iyos rkaliseburi – vibrionebi, erT an ramdenime xveuliani _ spirilebi, mraval Tanabar 
xveuliani _ spiroqetebi (sur. 3.2).

baqteriis ujredi Semofarglulia orSriani lipiduri plazmuri membraniT. membranis Signi-
Ta mxares ganlagebulia hidrolizuri fermentebi, amasTanave warmoqmnilia sxvadasxva saxis mila-
kovani Canaburcvebi. aq arsebuli fermentebisa da pigmentebis nawili sunTqvas axorcielebs, sxvebi 
fotosinTezsa da azotis fiqsaciaSi monawileobs. membranas citoplazmis mxares gaaCnia  burcobi 
_ mezosoma. sxva funqciebTan erTadMmniSvnelovan rols asrulebs ujredis gayofaSi. 

plazmur membranas gareTa mxares ekvris ujredis kedeli, romelic ujreds aniWebs formas, 
simtkices da icavs dazianebisagan. ujredis kedeli warmoadgens lipidebis, polisaqaridebis (Ziri-
Tadad mureini) da cilebis mtkice bades. zogierT paTogenur baqterias (magaliTad, mikoplazmas) 
kedeli ar gaaCnia. mraval baqterias aqvs Soltebi, romelTa meSveobiTac moZraobs.

genetikuri informacia erTaderT baqteriul qromosomaSia moTavsebuli. igi warmoadgens 
dnm-is wyviljaWvian wriul Wims, qmnis kompaqtur struqturas _ nukleoids. Mis membraniT araa 
Semofargluli da uSualod citoplazmaSia moTavsebuli. gaSlili dnm-s sigrZe 1 mm-s aRemateba. 
ujredSi agreTve gvxdeba mcire zomis dnm-is wriuli molekulebi _ plazmidebi.

baqteriebi mravldeba usqesod _ ujredis gayofiT. gamovlenilia sqesobrivi gamravlebis 
specifikuri formac _ koniugacia. or ujreds Soris war-
moiqmneba mokle mili, romlis gavliTac erTi ujredidan (do-
nori) qromosoma meoreSi (recipienti) gadadis (sur. 3.3). baqte-
riebSi genTa rekombinacia transformaciisa da transduqciis 
gziTac xorcieldeba (ix. Tavi 7, molekuluri genetika).

baqteriebis garkveuli jgufi araxelsayrel pirobeb-
Si sporebs warmoqmnis. ujredSi nukleoidi da citoplazmis 
nawili sqeli mravali SriT ifareba da sporad (endosporad) 
gardaiqmneba. ujredSi wesisamebr erTi spora yalibdeba. euka-
riotebisgan gansxvavebiT, spora gamravlebas ar emsaxureba. 
spora uZlebs araxelsayrel pirobebs; garkveul rols TamaSobs 
baqteriebis gavrceleba-gansaxlebaSi. maT mier aTvisebuli te-
ritoriis SenarCunebasa da axali saarsebo garemos aTvisebaSi.

JangbadTan damokidebulebis mixedviT baqteriebi iyofa 
aerobebad da anaerobebad. arsebobs gardamavali jgufebic. ae-

robebi kargad mravldebian Jangbadian areSi. molekulur Jangbads iyeneben JangviTi reaqciebisaTvis. 
anaerobebs SeuZliaT arseboba Jangbadis gareSe, zogierTi maTganis vegetatiuri forma haerze iRu-
peba, spora ki gamZlea. sunTqvas duRilis gziT axorcieleben (ix. Tavi 5). 

cxrili 3.1

                mikroorganizmTa dajgufeba kvebiTi tipis mixedviT 

   Eenergiis wyaro

             naxSirbadis wyaro
Aavtotrofuli
naxSirbadis wyaroa araorganu-
li naerTi (naxSirorJangi)

Hheterotrofuli
naxSirbadis wyaroa organuli 
naerTebi 

Ffototrofuli
iyeneben mzis sinaTlis 
energias
(fotosinTeTikosebi)

Ffotoavtotrofuli
 mag. cianobaqteriebi

fotoheterotrofuli
Mmag. mewamuli baqteriebi

Qqemotrofuli
iyeneben qimiur energias
(qemosinTeTikosebi)

Qqemoavtotrofuli
mag. nitrifikaciis baqteriebi.

qemoheterotrofuli
baqteriebis umetesoba- yvela 
safrotrofi, paraziti da sim-
bionti.

kvebis niriT baqteriebi gansxvavdebian, amdenad mizanSewonilia ganzogadebulad ganvixiloT 
organizmTa kvebis ZiriTadi  tipebi:

I. naxSirbadis wyaros  mixedviT: a). avtotrofebi (aucilebeli organuli nivTierebebis misa-
Rebad araorganul naerTs _ CO2-s iyeneben). b). heterotrofebi (ikvebebian mza organuli nivTiere-
bebiT da am gziT moipoveben naxSirbadis Semcvel nivTierebebs).

sur. 3.3. konugacia baqteriebSi.
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II. energiis wyaros mixedviT: a). fototrofebi 
(fotosinTetikosebi, organul nivTierebaTa sinTe-
zisaTvis iyeneben sinaTlis energias). b). qemotrofe-
bi (qemosinTeTikosebi,  organul nivTierebaTa sin-
TezisaTvis iyeneben mxolod qimiur energias).

naxSirbadisa da energiis wyaros mixedviT or-
ganizmebs oTx ZiriTad kvebiT jgufad hyofen: 1. fo-
toavtotrofebi (mag., cianobaqteriebi, mcenareebi). 
2. fotoheterotrofebi (mag., mewamuli baqteriebi). 
3. qemoavtotrofebi (mag., nitrifikaciis baqterie-
bi). 4. qemoheterotrofebi (saprotrofi, paraziti 
da simbiozi baqteriebi, sokoebi da cxovelebi). (ix. 
cxr. 3.1)

 kvebis ZiriTadi tipebis garda gvxdeba Sereu-
li kvebis saxec, magaliTad, miqsotrofuli (ix. Tavi 
9.6). baqteriebSi kvebis yvela forma gvxvdeba.

qemoheterotrofi baqteriebi garemoSi gamo-
yofen fermentebs, romelTa meSveobiTac rTuli or-
ganuli nivTierebebi martiv nivTierebebad iSleba. es 
nivTierebebi aRweven ujredSi, zogi energiis wyarod 
gamoiyeneba, sxvebi ki nivTierebaTa sinTezs xmarde-
ba. heterotrof baqteriebs miekuTvneba sami didi 
jgufi: 1. saprotrofebi mkvdari xrwnadi organuli 
nivTierebebiT ikvebeba. isini ekosistemaSi mniSvnelo-
van rols asruleben _ reducentebs warmoadgenen. 2. 
parazitebi. maTi sakvebi cocxali organizmebis mza 
organuli nivTierebebia. daavadebaTa gamomwvev para-
zitebs paTogenur baqteriebs uwodeben. mcenareebSi, 
cxovelebsa da adamianSi isini nairgvar daavadebas 
iwveven. kerZod, adamianSi: tifs, qoleras, difteri-
as, jilexs, tetanuss, anginas, Sav Wirs, tuberkulozs, 
sifiliss da sxv. 3. simbiontebi. simbiozi aris ori 
sxvadasxva saxeobis organizmTa urTierTsasargeblo 
Tanacxovreba. simbiozis sanimuSo magaliTia parko-
sani mcenare da koJris baqteriebi; ZuZumwovrebi, maT 
Soris adamiani da maT nawlavSi binadari baqteria _ nawlavis Cxiri. (ix. Tavi 9)

oqsifotobaqteriebi. am ganyofilebaSi (tipi) mravali jgufia gaerTianebuli, maT Soris cia-
nobaqteriebi (Zv. saxelwodebaa lurj-mwvane wyalmcenareebi). isini gavrcelebulia mtknar wylebsa 
da zRvebSi, WaobebSi, niadagSi. molurjo-momwvano feri aqvT, Tumca gvxvdeba moSavo-molurjod da 
sxvagvarad Seferili formebic. erTujrediani, Zafnairi an koloniuri formebia. ujreds gaaCnia 
prokariotuli organizacia (sur. 3.4).

am uZvelesi warmoSobis organizmebs srulyofili mafotosinTezebeli sistema aqvs. foto-
troful baqteriebs Soris mxolod cianobaqteriebi axorcielebs oqsigenur fotosinTezs. isini 
mcenarTa msgavsad axdens wylis fotolizs da garemoSi gamoyofs Jangbads. qlorofili da sxva 
pigmentebi lokalizebulia membranuli organizaciis struqturebSi, dastebad dalagebul an gan-
totvil milakovan, tilakoidebSi. sinaTlis energiis fiqsacias membranuli agebulebis elifsuri 
formis organoidi - fikobilisoma axorcielebs. naxSirbadis wyaroa CO2. cianobaqteriebma  didi 
roli Seasrula Tanamedrove atmosferos CamoyalibebaSi. SeboWa Warbi CO2 da gaamdidra garemo 
JangbadiT (pirveladi atmosfero ar Seicavda Jangbads). samarago nivTierebaa glikogeni. mraval 
maTganSi sinTezdeba fermenti nitrogenaza (Jangbadisadmi mgrZnobiarea!) da axdens atmosferuli 
azotis fiqsacias. urTierT gamomricxavi procesi - fotosnTezi da azotfiqsacia erTujredianeb-
Si dReRamis  sxvadasxva periodSi mimdinareobs: sinaTleze – fotosinTezi, sibneleSi azotfiqsa-
cia. Zafnair formebs (mag. nostoki, anabena...) moepovebaT didi zomis ujredebi - heterocistebi, 
romlSic mxolod azotfiqsacia xorcieldeba. mravldebian usqesod. cianobaqteriebi atmosferos 
Semadgeneli Jangbadis 20-40%-s warmoqmnis; saxldebian xmeleTis unayofo zedapirze da iwyeben 
niadagwarmoqmnas. cianobaqteriebi kvebiTi jaWvis mniSvnelovani sawyisi rgolia; monawileoben sim-
biozSi, romlis sanimuSo magaliTia liqenebi. isini xSirad, gansakuTrebiT zafxulSi intensiurad 
mravldeba da iwvevs wylis ,,yvavilobas‘‘, rac uaryoTad moqmedebs wyalSi binadar cxovelebze. 

baqteriebis mniSvneloba. baqteriebi mniSvnelovan rols asrulebs biosferoSi sicocxli-
saTvis aucilebeli elementebis (naxSirbadi, azoti, gogirdi, fosfori) wrebrunvaSi. ekosistemis 
erT-erT mniSvnelovan jgufs _ reducentebs ZiriTadad mikroorganizmebi qmnian. maT gareSe de-
damiwaze sicocxle SeuZlebeli iqneboda. baqteriebs aqvT didi praqtikuli mniSvneloba – isini ga-

sur. 3.4. cianobaqteria. 1. lipidis grova. 2. nuk-
leoidi (dnm-is wriuli molekula). 3. cilis gran-
ula. 4. ribosoma. 5. tilakoidi. 6. fikobilisoma 
(cianosoma) - pigmentebis Semcveli struqtura. 
7. plazmuri membraba. 8. ujredis kedeli. 9. lor-
wovani Sre. 
qvemoT - Zafnairi cianobaqteria anabena.
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moiyeneba mravali sakvebi produqtis (yveli, mawoni, 
araJani da misT.), organuli nivTierebebis (cile-
bi, aminomJavebi, vitaminebi, da sxv.) da samkurnalo 
preparatebis (antibiotikebi, vaqcinebi, Sratebi da 
misT.) warmoebaSi. baqteriebi warmatebiT gamoiyene-
ba Tanamedrove bioteqnologiaSi (gaWuWyianebuli 
wylebis gawmenda, unarCeno warmoeba, uminarevo da 
fermentuli preparatebis miReba, efeqturi vaqci-
nebisa da samkurnalo preparatebis Seqmna da misT.) 
(ix. Tavi 10).

aseve saWiroa aRiniSnos baqteriebis uaryofi-
Ti rolic. zogierTi maTgani iWreba mcenaris, cxove-
lisa da adamianis organizmSi da aavadebs maT.

baqteriebi yovelwliurad kulturul mcena-
reTa msoflio mosavlis 1/8 nawils spoben. Sinaur 
cxovelebsa da adamianSi iwveven mZime infeqciur 
daavadebebs, afuWeben sakveb produqtebs da sxv.

3.4. domeni (zesamefo) eukariotebi 
Eucaryota

samefoSi gaerTianebul organizmebs aqvT ci-
toplazmidan garsiT gamijnuli, formirebuli 
birTvi. genetikuri masalis umetesi nawili masSia 
moTavsebuli da qromosomebadaa diferencirebuli. 
prokariotebisgan gansxvavebiT, dnm dakavSirebu-
lia specifikur cilebTan _ histonebTan da qmnian 
rTul kompleqss. ujreds gaaCnia membranebis rTuli 
sistema. igi ujredis Sida sivrces ganyofilebebad 
_ kompartmentebad (mag., endoplazmuri bade, mi-
toqondria, goljis kompleqsi da misT.) yofen. euka-
riotebis ujredebi normalur pirobebSi mitozuri 
gayofiT mravldeba. ujreds aqvs aqtinomiozinuri 
kumSvadi sistema. misi daxmarebiT SeuZlia pinoci-
tozisa da fagocitozis gziT waritacos msxvili 
organuli nawilakebi da wveTebi, zogjer mcire or-
ganizmebic. prokariotebis msgavsad, eukariotuli 
ujredi zedapiriT iwovs dabalmolekulur orga-
nul nivTierebebs. axasiaTebT avtotrofuli da he-
terotrofuli tipis kveba. domenSi gaerTianebulia 
oTxi (protoktistebi, umaRlesi mcenareebi, sokoe-
bi, mravalujrediani cxovelebi) samefo. 

samefo protoktistebi 		  Protoctista
eukariotebSi gaerTianebul samefoTa Soris sami (umaRlesi mcenareebi, sokoebi, mravalujre-

diani cxovelebi) monofileturi (saerTo winapridan) warmoSobisaa. meoTxe samefo _ protokti-
stebi heterogenuria. masSi gaerTianebulia filogenezurad gansxvavebuli jgufebi. mecnierTa va-
raudiT, igi momavalSi saTanado gamokvlevebis safuZvelze ramdenime samefod daiyofa. amitomac 
margelisisa da Svarcis mier mowodebul sistematikaSi mxolod es samefo iwvevs mecnierTa kamaTs 
(zogierTi sistematikosi am samefos protistebs uwodebs). 

protoktistTa samefoSi gaaerTianes iseTi jgufebi, romlebsac sxva, mkacri kriteriumebis 
safuZvelze gamoyofil samefoebSi adgili ver miuCines. amasTanave, am samefoSi Tavmoyril jgu-
febTan (wyalmcenareebi, oomicetebi, protistebi) filogenezurad arian dakavSirebuli sokoebi, 
umaRlesi mcenareebi da mravalujrediani cxovelebi. 

samefoSi gaerTianebul individebSi gvxvdeba kvebis sxvadasxva tipi. zogi cxoveluri kvebiT 
_ fagocitoziT moipovebs sarCos (magaliTad, ameba), sxvebi sokos msgavsad sxeulis zedapiriT iwo-
ven dabalmolekulur organul nivTierebebs (mag., oomicetebi) an mcenaris msgavsad axdenen foto-
sinTezs (magaliTad, ulotriqsi, laminaria da sxva wyalmcenareebi), gvxdeba Sereuli kvebis tipic 
(magaliTad, evglena, qlamidomonada) (sur. 3.5). 

mravalujrediani wyalmcenareebis sxeuls (ar gaaCniaT tipiuri qsovilebi da organoebi) Ta-

sur. 3.5. protoktistebis zogierTi ojaxis war-
momadgenlebi. 
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lusi ewodeba. maTi ujredi Seicavs sxvadasxva formis (firfitisebur, spiralur, jamisebr da misT.) 
qlorofilis Semcvel struqturas _ qromatofors. mravldebian rogorc usqesod (sporebi, zoo-
sporebi), ise sqesobrivad (uyalibdebaT gametebi). wesisamebr, sqesobriv gamravlebas araxelsayrel 
pirobebSi iwyeben.

oomicetebi sokoebs enaTesaveba da agebulebiTac maT emsgavseba. Tanamedrove SexedulebiT 
isini gacilebiT Zveli warmoSobisaa, vidre sokoebi. sxeuli uxvad datotvili miliseburi Zafebi-
sgan _ hifebisgan Sedgeba, romlebic qmnian miceliums. hifi moklebulia tixrebs da Seicavs mraval 
birTvs. gaaCnia ujredis kedeli, romelic Sedgeba sokoebis msgavsad ara qitinisgan, aramed celu-
lozisagan. oomicetebs axasiaTebT rogorc usqeso, ise sqesobrivi gamravleba. isini moklebulia 
qloroplastebs da heterotrofulad ikvebeba. gvxvdeba rogorc saprotrofebi, ise paTogenuri 
formebi (mag., vazis Wraqi, fitoftora da sxv.)

umartivesebi (protistebi) savsebiT damoukidebeli erTujrediani eukariotuli organizme-
bia. amdenad struqturulad erTujrediania, fiziologiurad ki srulyofili organizmia. maTi Ta-
visebureba isaa, rom mravalujredianebisagan gansxvavebiT, ujredi araa diferencirebuli da masSi 
mimdinareobs cxovelmyofelobis yvela procesi: kveba, moZraoba, sunTqva, gamoyofa, gamravleba 
da misT. ujreds citoplazmaSi moepoveba specifikuri struqturebi _ organoidebi, romlebic 
mravalujredian cxovelTa organoebis analogiur funqciebs asrulebs. magaliTad, citostomi _ 
saWmlis mopovebis; saWmlis momnelebeli vakuoli –monelebis; sacleli _ narCenebis gamodevnis; 
mfeTqavi vakuoli – Warbi wylisa da daSlis produqtebis gamoyofis; wiTeli Tvalaki _ mxedvelo-
bis; crufexebi, Soltebi, wamwamebi _ moZraobis. zogierTi maTgani adamianis saSiSi parazitia (maga-
liTad, dizenteriuli ameba, urogenitaluri triqomona, leiSmania, gambiuri tripanosoma, malari-
is plazmodiumi, toqsoplazma da sxv.) (sur. 3.5-ze nax. 6 da 7)

samefo sokoebi			    Fungi (Mycota)
sokoebi xmeleTisa da wylis ekosistemebis mniSvnelovani Semadgeneli nawilia. isini nairgvar 

saarsebo garemosTan arian Seguebuli. adre sokoebs mcenareTa samefoSi aerTianebdnen. bioqimi-
is, genetikisa da citologiis eqsperimentuli monacemebis safuZvelze XX s. 70-ian wlebSi sokoebi 
calke samefod gamoyves. 

sokoebs moepovebaT iseTi niSnebi, romlebiTac mcenareebs emsgavsebian, kerZod: 1. ara aqvT 
moZraobis unari; 2. aqvT ujredis kedeli; 3. axasiaTebT sxeulis ganuwyveteli zrda; 4. axasiaTebT 
osmotrofuli kveba (sakvebis sxeulis zedapiriT Sewova); 5. aqvT didi zomis vakuolebi. 

amasTanave sokoebs cxovelebis msgavsi niSnebic axasiaTebT, kerZod: 1. heterotrofuli kve-
bis tipi; 2. qitinis arseboba ujredis kedelSi (igi mwerebis garegan ConCxSi gvxdeba); 3. samaragod 
igroveben glikogens; 4. katabolizmis erT-erTi produqtia Sardovana; 5. ara aqvT plastidebi.

sokos sxeuls miceliumi ewodeba. igi wvrili datotvili miliseburi Zafebisgan - hifebisgan 
Sedgeba. zogi sokos hifebi dayofilia erT an mravalbirTvian ujredebad (magaliTad, peniciliu-
mi, aspergilusi, qama soko da misT.), sxvebisa dayofili ar aris (mag., puris obi _ mukori) da aqvs 
araujreduli organizaciis mravalbirTviani miceliumi. sokoebs gaaCnia ujredis sqeli, drekadi 
kedeli, romelic agebulia polisaqaridebis (qitini), cilebisa da lipidebisgan. citoplazma Sei-
cavs endoplazmur bades, mitoqondriebs, primitiul goljis kompleqss, ribosomebs (Sualeduria 
prokariotebisa da eukariotebis ribosomebs Soris). birTvi patara zomisaa da mcire raodenobiT 
Seicavs Warb dnm-s. genetikuri masala _ qromosomebi Svileul ujredebSi mitozisa da meiozis 
meSveobiT nawildeba. gayofis periodSi birTvis garsi ar iSleba da TiTistara birTvSive yalibde-
ba (axasiaTebT daxSuli mitozi da meiozi). sokoebi mravldeba rogorc usqesod, ise sqesobrivad. 
hifebi izrdeba kenwrulad da uxvad itoteba. axasiaTebT ujredgareTa moneleba. ujredi garemoSi 
gamoyofs hidrolizur fermentebs, romlebic rTul organul naerTebs martiv nivTierebebad Slis 
da hifebiT Seiwovs. 

did jgufs qmnis obis sokoebi. isini gvxvdeba tenian, organuli nivTierebebiT mdidar garemo-
Si, mcenaris mkvdar narCenebsa da xrwnad cxovelebze. maT miekuTvneba mukori. gaaCnia dautixravi 
hifebi. igi formalurad TiTqos erT did mravalbirTvian ujreds warmoadgens. miceliumi warmoqm-
nis zeaRmarTul hifebs. TiToeuli bolovdeba sferuli sporangiumiT. masSi mravali Savi feris 
spora mwifdeba. sporangiumis garsis darRvevis Semdeg spora garemoSi ifanteba da vrceldeba. 
msgavsi agebulebisaa peniciliumi. igi kargad viTardeba purze da sxva produqtebze, sadac momwva-
no nafifqs warmoqmnis. mukorisagan gansxvavebiT misi miceliumi datixrulia da cilindruli for-
mis ujredebisagan Sedgeba, xolo zeamarTuli miceliumi funjis msgavsi warmonaqmniT bolovdeba. 
zeda boloSi mravali momwifebuli sporaa, romlebic sxeuls scildeba da garemoSi vrceldeba. 
obis sokoebi bunebaSi did rols asrulebs _ monawileobs nivTierebaTa wrebrunvaSi, axdens orga-
nuli nivTierebebis mineralizacias, aTavisuflebs niadags mkvdari narCenebisagan.

ramdenadme gansxavebulia qudiani sokoebis agebuleba da gamravleba. magaliTad, qama sokos 
miceliumi niadagSia. uxv tenian da Tbil periodSi miceliums amoezrdeba nayofsxeuli. igi kom-
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paqturad Sekruli hifebisganaa agebuli, romelic fexisa da qudisagan Sedgeba. qudis qveda mxares 
radialur firfitebze mravali spora yalibdeba (sur. 3.6). adamiani sokos (nayofsxeuls) sakvebad 
uxsovari droidan iyenebs. CvenSi mravali saWmeli sokoa gavrcelebuli, maT Soris: niyvi, daTvis 
soko, mWada, manWkvala, mxeTamxali da sxv. 

safuari erTujrediani saprotrofuli sokoa. sferuli an ovaluri formis ujredi Semofar-
glulia plazmuri membraniTa da kedliT. aqvs erTi birTvi, centraluri vakuoli da eukariotuli 
ujredisTvis damaxasiaTebeli organoidebi. mravldeba usqesod (dakvirtviT) da sqesobrivad (spo-
rebis SerwymiT). bunebaSi farTodaa gavrcelebuli. gvxdeba naxSirwylebiT mdidar garemoSi. didi 
raodenobiTaa mwife nayofebis, gansakuTrebiT yurZnis marcvlebis zedapirze. spirtuli duRilis 
gziT (anaerobuli sunTqva) Slis naxSirwylebs. farTod gamoiyeneba Rvinis, ludisa da puris war-
moebaSi, aseve Tanamedrove bioteqnologiaSi. saprotrofebis garda bunebaSi gavrcelebulia para-
zituli sokoebi. gacilebiT metia mcenaris parazitebi (mag., abeda soko, gudafSuta, Janga soko da 
sxv.), vidre cxovelebisa da adamianis. 

sokoebis simbiozis yvelaze cnobili magaliTia liqenebi da mikoriza. sokoebis simbiozur 
kavSirs umaRlesi mcenareebis (SiSvelTeslovnebi da farulTeslovnebi) fesvebTan mikoriza ewo-
deba. sokos hifebi gars ertymis mcnaris naz fesvebs, zogierTi masSi iWreba. sokos hifebi garemodan 
didi raodenobiT iwovs wyalsa da masSi gaxsnil nivTierebebs da awvdis mcenares, xolo maTgan NiRebs 
fotosinTezis Sedegad sinTezirebul organul nivTierebebs. mraval mcenares maT gareSe norma-
luri zrda-ganviTareba ar SeuZlia.

mRierebi sokosa da wyalmcenareebis, (zogjer cianobaqteriebis) rTuli Tanacxovrebis Sesa-
niSnavi magaliTia. isini erTmaneTTan mWidrodaa dakavSirebuli. wyalmcenare uzrunvelyofs sokos 
organuli nivTierebebiT, xolo soko icavs wyalmcenares garemo faqtorebis mavne zemoqmedebi-
sgan (mzis sxivebi, gamoSroba da misT.), agreTve awvdis wyalsa da masSi gaxsnil mineralur marilebs. 
bolo gamokvlevebis safuZvelze miiCneven, rom sokosa da wyalmcenaris Tanacxovreba sakmaod rTu-
lia. adgili aqvs wyalmcenareze sokos tolerantul parazitizms. Tanamedrove sistemaSi mRierebs 
damoukidebel ganyofilebad (tipi) aRar ganixilaven. maT aTavseben im taqsonSi, romelsac sokos 
komponenti ekuTvnis.

sur. 3.6. sokos sasicocxlo cikli. 1. firfita masze ganlagebuli specifiuri sxeulebiT -ba-
zidiumebiT. 2. haploidi birTvebis SerwymiT (dikarionidan) diploidi kenwruli ujredis 
warmoqmna. 3. meiozis saboloo produqti _ haploidi sporebi. 4. sporebis gaRiveba da - da + 
Sewyvilebis tipis mqone haploidi Stamebis Camoyalibeba. 5. konugaciiT - da + haploidurbirT-
viani (dikarionis) hifebis warmoqmna. 6. nayofsxeulis (Sedgeba fexisa da qudisgan) Camoyalibeba.
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samefo umaRlesi mcenareebi Plantae (Metapita)
mcenareTa mier axali garemos _ xmeleTis aTvisebam umaRles mcenareTa formireba ganapiro-

ba. erTgvarovani wylis garemosgan gansxvavebiT maT xmeleTze gacilebiT rTul da cvalebadD gare-
mosTan mouxdaT Segueba. 

evoluciis procesSi mcenareebs axali adaptaciebi Camouyalibda, sxeulis agebuleba da 
gamravlebis sistema gaurTulda. wyalmcenareebisagan gansxvavebiT umaRlesi mcenareebis sxeuli 
diferencirebulia. gaaCnia qsovilebi, maTgan agebulia organoebi. umaRles mcenareTa organoebs 
ajgufeben: zrdis anu vegetatur organoebad (fesvi, Rero, foToli) da gamravlebis anu generaciul 
organoebad (magaliTad, sporianebSi sporangiumi, sadac sporebi yalibdeba; farulTeslovnebSi ki 
_ yvavili, nayofi da Tesli)

umaRles mcenareebs or did jgufad yofen: sporovani mcenarebi anu arqegoniatebi (mag., 
xavsnairebi, gvimranaiebi da sxv.) da Teslovnebi (SiSvelTeslovnebi, farulTeslovnebi). 

mcenareebi cxovelebisgan Semdegi niSnebiT gansxvavdeba: 1. axasiaTebT avtotrofuli kve-
bis tipi, axdenen fotosinTezs; 2. ara aqvT sivrceSi moZraobiT gadaadgilebis unari; 3. axasiaTebT 
sxeulis ganuwyveteli zrda; 4. axasiaTebT osmotrofuli kveba (sakvebis sxeulis zedapiriT Sewova); 
5. aqvT celulozovani ujredis kedeli; 6. moepovebaT ujredis wveni, romelic didi zomis centra-
lur vakuolSia moTavsebuli; 7. gaaCniaT specifikuri organoidebi _ plastidebi.

xavsnairebi. am ganyofilebaSi gaerTianebulia martivi agebulebis, mcire zomis, sporovani 
mcenareebi. saxeobaTa mravalferovnebiT mxolod yvavilovan mcenareebs CamorCebian. gvxdeba yve-
la kontinentze. saarsebod irCeven tenian adgilebs da SeuZliaT mwir da unayofo adgilebze da-
saxleba. didi raodenobiT gvxvdeba tundrasa da notio maRalmTianeTSi. xavsnairebi mxolod bala-
xovani mcenareebia. RerofoTlovan xavsebs miekuTvneba gugulis seli. igi izrdeba tyeebSi (bevria 
naZvnarSi), mdeloebze, WaobebSi da sxv. gaaCnia nairqsovilovani organoebi: Rero da foToli. fesvi 
ara aqvs. Reros boloze ikeTebs gamonazardebs _ rizoidebs, riTac niadags emagreba da niadagur 
kvebas axorcielebs. Reroze mWidrod aris ganlagebuli patara, lancetis formis foTlebi. ujreds 
gaaCnia qloroplastebi, amdenad xavsi avtotrofia. 

gugulis seli, ise rogorc nebismieri sxva xavsi mravldeba rogorc usqesod, ise sqesobrivad. 
RerofoTlovani mcenare sqesian Taobas (gametofiti) warmoadgens. (Taoba, romelic sporebs iZle-

sur. 3.7. xavsis sasicocxlo  cikli.
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va, sporofitia. igi mcenaris 
ganviTarebis ciklis diploi-
duri fazaa. Taoba, romelzec 
sasqeso ujredebi warmoiqmne-
ba gametofitia da haploidur 
fazas warmoadgens). xavsnai-
rebi _ heteromorful sasi-
cocxlo ciklSi gabatonebu-
li sporofituli mcenareebia. 
xavsebis evolucia warimarTa 
imgvarad, rom sasicocxlo 
ciklSi damoukidebloba moi-
pova gametofitma, xolo spo-
rofiti gamartivebulia da 
dakarguli aqvs damoukide-
blad arsebobis unari.

zogierT Reros wver-
ze mcenare ikeTebs mamro-
biT sasqeso organos _ an-
Teridiums, masSi mwifdeba 
spermatozoidebi. sxva indi-
vidis Reros wverze viTarde-
ba mdedrobiTi sasqeso orga-
no _ arqegoniumi, romelSic 
mwifdeba kvercxujredi. ga-
nayofierebisTvis aucilebe-
lia wyali. amdagvar garemos 
wvima an uxvi nami qmnis. anTe-
ridiumSi momwifebuli sper-
matozoidebi SoltebiT ga-
dadgildeba arqegoniumisken 
da erT-erTi masSi arsebul 
kvercxujreds anayofierebs. 
zigotidan formirdeba usqe-
so Taoba - sporogoniumi. igi 
Sedgeba grZeli svetisgan, 
romelic kolofiT bolovde-
ba. kolofSi sawyisi ujrede-

bis meiozuri gayofis gziT yalibdeba sporebi. spora sqeli garsebiT dafaruli haploiduri erTi 
ujredia. sporebi qaris meSveobiT vrceldeba garemoSi. xelsayrel pirobebSi moxvedrili sporidan 
datotvili Zafnairi sxeuli _ protonema viTardeba. igi dasabams aZlevs RerofoTlovan mcenares 
(sur. 3.7). xavsis sporofitia kolofi svetiT. Zafnairi protonemis arseboba miuTiTebs imaze, rom 
xavsebi odesRac arsebuli, uZvelesi mwvane wyalmcenareebisgan warmoiSva.

WaobebSia gavrcelebuli TeTri anu torfis xavsi _ sfagnumi. igi mravalwliani mcenarea. ga-
aCnia datotvili Rero, romlzec moTeTro, wvrili lanceta foTlebia ganlagebuli. sfagnumis fo-
Toli Sedgeba mcire zomis mwvane (qloroplastebis Semcveli) da didi zomis mkvdari ujredebisgan. 
es ukanaskneli wyliTaa amovsebuli. sfagnums rizoidebi ar gaaCnia. wyalsa da mineralur marilebs 
sxeulis zedapiriT iwovs. sasqeso organoebi aris anTeridiumi da arqegoniumi. torfian Waobebze 
sfagnumi qmnis mTlian safars da torfis mTavari warmomqmnelia.  torfi warmoadgens saukeTeso 
organul sasuqs. igi sawvavadac gamoiyeneba. torfidan Rebuloben cvils, parafins, karbolis mJa-
vas, meTanols, ZmarmJavasa da sxva nivTierebebs. 

gvimranairebi uZvelesi sporovani mcenareebia. gavrcelebulia mTel dedamiwaze: tyeebSi, 
velebze, Waobebsa da udabnoebSi, mravalferovani formebi gvxdeba tropikul tyeebSi. ZiriTadad 
balaxovani mcenareebia, mxolod tropikul tyeebSi gvxdeba xemagvari gvimrebi. gvimrebs aqvs fesvi, 
Rero, martivi an rTuli foToli. CvenSi farTod gavrcelebuli gvimraa Caduna. igi tenian foTlo-
van tyeebsa da daCrdilul adgilebSi izrdeba. misi Rero (fesura) miwaSia moTavsebuli. aqvs 1 m-de 
sigrZis rTuli foTlebi. foTlis qveda zedapirze ikeTebs yavisfer meWeWebs – sorusebs. masSi mra-
vali sporangiumia, romelSic sporebi yalibdeba. sporidan viTardeba guliseburi formis 2-4 mm. 
zomis mwvane firfita _ winazrdili (sqesiani Taoba _ gametofiti). masze viTardeba anTeridiumebi 
da arqegoniumebi. anTeridiumSi warmoiqmneba mravali mcire zomis Soltebani gameta _ spermato-
zoidebi. arqegoniumSi yalibdeba erTi kvercxujredi. ganayofirebisaTvis saWiroa wyliani garemo. 
arqegoniumSi moxvedrili spermatozoidi anayofierebs kvercxujreds. zigotidan RerofoTliani 

sur. 3.8. gvimris sasicocxlo cikli.
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mcenare (sporofiti) viTardeba. gvimris 
sasicocxlo ciklSi adgili aqvs TaobaTa 
monacvleobas. xavsebisgan gansxvavebiT, 
orive Taoba (sporofiti da gametofiti) 
damoukidebeli organizmebia. gvimranai-
rebis heteromorful sascocxlo cikl-
Si gabatonebulia sporofituli Taoba 
(sur. 3.8).

silamazis gamo zogierTi gvimra 
gamoyenebulia, rogorc dekoratiuli 
mcenare, erTeuli _ sakvebad an samkurna-
lod. saqarTvelos wiTel wignSi Setanili 
gvimrebidan aRsaniSnavia torfian Wao-
bebSi gavrcelebuli samefo gvimra. Cadu-
nasagan gansxvavebiT, mas gaaCnia unayofo 
da sporiani foTlebi. gvxdeba aWaraSi, 
afxazeTsa da guriaSi. mezozouri eris 
qvanaxSiris periodSi saxlobdnen nai-
rgvari gvimranairebi, maT Soris gigantu-
ri gvimrebi. xemagvari gvimrebi (zogier-
Ti simaRliT 30 m-s aRwevda) gauval tyis 
masivebs qmnidnen. am periodis tyeebma 
warmoqmnes qvanaxSiris sabadoebi. Tana-
medrove gvimrebi, qvanaxSiris periodSi 
gabatonebuli uzarmazari da mravalfe-
rovani jgufis, mxolod umniSvnelo Se-
morCenili naSTia.

SiSvelTeslovnebi yvelaze Zve-
li Teslovani mcenareebia. farTodaa 
gavrcelebuli dedamiwaze. CrdiloeT 
naxevarsferoSi evraziisa da amerikis 
CrdiloeTiT, vrcel teritoriaze tyis 
masivebs qmnis. gabatonebulia maRalmTis 
zeda nawilSi. SiSvelTeslovnebi xe an 
buCqovani mravalwliani, ZiriTadad ma-
radmwvane mcenareebia. 

SiSvelTeslovnebis mTavari Ta-
visebureba Teslis arsebobaa, romelic 
mcenaris gamravlebasa da gavrcelebas 
emsaxureba. erTujrediani sporisagan 
gansxvavebiT, TeslSi arsebuli Canasaxi garemos araxelsayreli faqtorebisgan saimedod aris da-
culi da momaragebulia sakvebiT. igi didxans SeiZleba iyos mosvenebul mdgomareobaSi. xelsayreli 
pirobebis dadgomisTanave Rivdeba da viTardeba mcenare. meore mniSvnelovani Tavisebureba is aris, 
rom ganayofiereba aRaraa dakavSirebuli wyalTan. mtvris marcvlis haeriT gadatanam gamoricxa 
wyali, rogorc gametebis Sexvedrisa da ganayofierebis aucilebeli garemo. SiSvelTeslovnebSi 
mkveTrad ar aris gamoxatuli TaobaTa morigeoba, sqesiani Taoba (gametofiti) Zalze reducirebu-
lia da viTardeba sporofitze (usqeso Taoba).

SiSvelTeslovanTa Soris yvelaze warmomadgenlobiTi jgufia wiwvovnebi. maT miekuTvneba: 
fiWvi, naZvi, soWi, uTxovari, kedari, kviparozi, Rvia, seqvoia, lariqsi da sxv. ganvixiloT fiWvis 
gamravleba. gazafxulze fiWvis norC totebze viTardeba mowiTalo didi girCebi, romlebic mde-
drobiTia da patara zomis moyviTalo girCebi, romlebic mamrobiTia. mamrobiTi girCis centralur 
RerZze mravali qerqlia mimagrebuli. TiToeul maTganze ori samtvre parkia, romelSic mtvris 
marcvlebi yalibdeba. momwifebul mtvris marcvals aqvs ori sahaero parki. misi daxmarebiT mtvris 
marcvali didxans Cerdeba haerSi da qars sakmaod Sors gadaaqvs. mdedrobiTi girCis centralur 
RerZTan dakavSirebulia qerqlebi. calkeul qerqls ori Teslkvirti gaaCnia. isini SiSvladaa, swo-
red aqedan warmodgeba mcenareTa am jgufis saxeli _ SiSvelTeslovnebi. qariT gadatanili mtvris 
marcvlebi Teslkvirtis webovan wverze xvdeba da xdeba damtverva. damtvervis Semdeg qerqlebi mWi-
drod ekvrian erTmaneTs. girCa izrdeba, xevdeba da mwvaned ifereba. damtvervasa da ganayofierebas 
Soris intervali (12-14 Tve) sakmaod didia.

mamrobiTi gameta (Soltebi ar gaaCnia da amitom spermias uwodeben da ara spermatozoids) 
anayofierebs TeslkvirtSi arsebulFkvercxujreds. zigotidan Canasaxi viTardeba, xolo Teslkvir-
tidan Tesli yalibdeba (sur. 3.9). igi Seicavs endosperms, romelSic sakvebi nivTierebebia dagro-

sur. 3.9. fiWvis sasicocxlo cikli. 1. toti mdedrobiTi da 
mamrobiTi girCebiT. 2. mamrobiTi girCis ganivi Wrili. 3. samt-
vre parki (mikrosporangiumi) 4. mtvris marcvali (mamrobiTi 
gametofiti). 5. Teslis ganivi Wrili. 6. Teslkvirtis ganivi 
Wrili (mdedrobiTi gametofiti). 7. momwifebuli Tesli qer-
qliT. 8. qerqli ori TeslkvirTiT. 9. mdedrobiTi girCis gani-
vi Wrili.
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vebuli. momwifebuli Teslebi girCidan garemoSi ifanteba. Tesls gaaCnia frTisebri gamonazardi, 
romelic xels uwyobs qariT gavrcelebaSi. 

SiSvelTeslovanebs didi mniSvneloba aqvs mcenareuli safaris Seqmnasa da adamianis sameur-
neo saqmianobaSi. gansakuTrebiT mTian regionebSi aferxeben Tovlis dnobas, akaveben wvimis wylebs, 
riTac icaven niadags niaRvriT Camorecxvisagan, aCereben Rvarcofisa da mewyeris ganviTarebas. isi-
ni haerSi gamoyofen fitoncidebs, romlebic spoben paTogenur mikroorganizmebs. wiwvovan tyeSi 
haeri sufTaa da mdidaria JangbadiT. wiwvovnebis merqani Zvirfasi saamSeneblo masalaa. misgan Re-
buloben qaRaldsa da sxvadasxva qimiur (magaliTad, skipidars, vanils, xis spirts da misT.) nivTie-
rebebs. wiwvovan tyeebs anadgurebs xanZari, gansakuTrebiT ki adamiani usistemo da mopovebiTi xis 
WriT.

saqarTveloSi SiSvelTeslovanTa zogierTi saxeoba gadaSenebis piras imyofeba da Setanilia 
wiTel wignSi (magaliTad, Savi Rvia, eldarisa da biWvinTis fiWvi, urTxeli, aRmosavleTis brtyel-
tota).

farulTeslovnebi anu yvavilovani mcenareebi saxeobaTa mravalricxovnobiTa da mraval-
ferovnebiT mcenareTa sxva jgufebs aRemateba. isini yvela klimatur zonasa da ekologiur piro-
bebSi izrdeba, qmnis foTlovan tyeebs, xolo preriebSi, savanasa da stepebSi _ balaxovan safars. 
udabnoSi cxovrebasTanaa Seguebuli kaqtusi, agava da nairgvari ekliani buCqi. zogierTi yvavilo-
vani mcenare mdinareebSi, tbebsa da zRvebSi izrdeba. saxnav-saTes savargulze, plantaciaSi, xexilis 
baRsa Tu bostanSi adamiani nairgvar kulturul yvavilovan mcenares amravlebs, zrdis parkebsa da 
oranJereebSi. 

farulTeslovnebi sxva mcenareebTan SedarebiT rTuli agebulebisaa. mxolod maT gaaCniaT 
unikaluri struqtura _ yvavili. igi sqesobrivi gamravlebis organoa. yvavilsafari (jami da 
gvirgvini) icavs centralur nawilSi moTavsebul reproduqciul nawils _ mtvrianasa da butkos. 
yvavilTanaa dakavSirebuli damtverva, ganayofiereba, Canasaxis ganviTareba, nayofisa da Teslis Ca-

sur. 3.10. yvavilovani mcenaris (bali) sasicocxlo cikli. yvavilis Semadgeneli nawilebi jami, 
gvirgvini mtvrianebi da butko (4). 1. dingi. 2. sveti. 3. naskvi. 5. samtvre parki. 6. mtvrians Zafi. 7. 
mtvris marcvali. 8. spermiebi. 9. TeslkvirtSi moTavsebuli Canasaxovani parki. SuaSi centraluri 
ujredi. 10. kvercxujredi. 11. samtvre miliT mitanili spermiebidan erTi kvercxujreds anay-
ofierebs, meore ki centralur diploidur ujreds. 12. nayofi. 13 nayofis ganivi Wrili.
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moyalibeba. (ix. $6.6; sur. 3.10) 
yvavilebi gansxvavdebian agebulebiT, formiT, zomiT, SeferilobiT. damtverva SeiZleba 

TviTdamtverviT an jvaredini damtverviT moxdes.
jvaredini damtverva xorcieldeba qariT (anemfilia), wyliT (hidrofilia) an cxovelebiT 

(zoofilia). damtveravi cxovelebis mixedviT gamoyofen entomfilur, orniTofilur da teriofi-
lur mcenareebs. 

farulTeslovnebi xe, buCqovani da balaxovani (erT an mravalwliani), mcenareebia. danarCen 
umaRles mcenareebTan SedarebiT aqvT rTulad agebuli vegetatiuri (fesvi, Rero, foToli) or-
ganoebi. foToli asrulebs fotosinTezisa da traspiraciis (wylis aorTqleba) funqciebs. misi 
meSveobiT xorcieldeba aircvla (sunTqva) garemosTan. tipiuri foToli Sedgeba yunwisa da fir-
fitisgan. sxvadasxva saxeobis mcenareebis foTlebi erTmaneTisagan firfitis zomiTa da dakbil-
viT, formiT (momrgvalo, elifsuri, gulisebri, rombisebri, Tirlmlisebri da misT.) da daZarRviT 
(badisebri, rkaluri, parareluri da misT.) gansxvavdeba. foToli SeiZleba iyos martivi an rTuli 
(samyura, frTarTuli, TaTrTuli da misT.). 

Rero sayrden, gamtar da zogjer nivTierebaTa damagrovebel funqcias asrulebs. igi fesvs 
foTolTan akavSirebs. Rero SeiZleba iyos balaxovani (mag., xorbali, simindi, RiRilo da misT.) 
da merqniani (mag., muxa, wabli, Wadari da misT.). Rero mravalgvaria: swormdgomi, mcocavi, mxoxavi, 
mxviara. zogierTi mravalwliani balaxovani mcenare miwisqveSa saxecvlil Reros (bolqvi, fesura, 
tuberi) inviTarebs.

fesvi wyalsa da masSi gaxsnil mineralur marilebs iwovs niadagidan da mcenares amagrebs nia-
dagze. ganarCeven mTavarRerZian da funja fesvTa sistemebs. zogierTi mcenare saxecvlil fesvs 
(mag., Zirxvena, fesvtuberi, sabrjeni, sahaero da misT.) ikeTebs. 

nayofi warmoiqmneba yvavilis naskvidan. mas nairgvari agebuleba da forma gaaCnia. nayofi Te-
slis dacvasa da gavrcelebas emsaxureba. nayofSi erTi an ramdenime Teslia moTavsebuli. agebule-
bis mixedviT arCeven erTlebnian da orlebnian Tesls. nayofebisa da masTan erTad Teslis gavrce-
leba sxvadasxva gziT (mag., wyliT, qariT, cxovelebiT da sxv.) SeiZleba moxdes.

farulTeslovnebi ekosistemis mniSvnelovani nawilia. isini sxva mwvane mcenareebTan erTad 
axdens mzis energiis fiqsacias da garemos amdidrebs JangbadiT. kulturul mcenareebisgan Rebu-
loben sakveb produqtebs, teqnikur nedleuls, bevri maTgani gamoiyeneba saSen masalad, saTbobad. 
farulTeslovnebisgan amzadeben sxvadasxva saxis qimiur nivTierebebs da samkurnalo preparatebs. 

saqarTveloSi anTropogenuri faqtoris zemoqmedebiT yvavilovan mcenareTa zogierTi saxe-
oba gadaSenebis piras imyofeba da Setanilia wiTel wignSi (mag., bza, qarTuli nekerCxali, kavkasi-
is akaki, kolxuri da qarTuli Txili, pontouri muxa, kaklis xe, qarTuli nuSi, kolxuri jonjoli, 
verxvi, Zelqva, qarTuli zambaxi da sxv.)

samefo cxovelebi Animalia 
cxovelTa samefoSi sakmaod mravalferovani, mravalricxovani da sxeulis rTuli organi-

zaciis mqone mravalujrediani organizmebia gaerTianebuli. mcenareTa samefosgan gansxvavebiT 
axasiaTebT: 1. heterotrofuli kvebis tipi; 2. ar gaaCniaT ujredis kedeli; 3. samaragod igroveben 
glikogens; 4. ara aqvT plastidebi; 5. nivTierebaTa cvlis saboloo produqtebia Sardovana da Sar-
dmJava.

sokoebisa da sxva heterotrofebisgan gansxvdebian sakvebis mopovebisa da miRebis wesiT. axa-
siaTebT ylapviTi kveba anu mitacebuli sakvebi xvdeba saWmlis momnelebel arxSi, masSi mimdina-
reobs monelebisa da Sewovis procesi, mounelebeli narCenebi ki gareT gamoidevneba. maT gaaCniaT 
specializebuli ujredebi, erTnairi agebulebisa da funqciis ujredebi qmnis qsovilebs, es ukana-
skneli ki organoebsa da sistemebs.

evoluciis procesSi CamouyalibdaT sxvadasxva sakvebiT kvebis unari, am niSniT isini sam jgu-
fad iyofian: 1. balaxis mWamelebi _ herbivora; 2. mtaceblebi anu cxoveluri sakvebiT mkvebavebi _ 
karnivora; 3. nairmWamelebi _ omnivora.

nawlavRruianebi. amJamad es jgufi or damoukidebel tipad aris gayofili: 1. msusxavebi;  2. sa-
varcxlurebi. msusxavebis tipSi gaerTianebulia dabal safexurze mdgomi, wyalSi binadari cxove-
lebi. umravlesoba mimagrebul cxovrebas (polipebi) eweva, rigi Tavisuflad mcxovrebi (meduzebi) 
formebia. maTi sxeuli parkiseburi agebulebisaa da kedeli ori Srisgan (eqtoderma, entoderma) 
Sedgeba. eqtodermas mravali msusxavi ujredi aqvs, romlebic msxverplis daWerasa da TavdacvaSi 
exmareba. axasiaTebT sxiuri simetria. tipiuri warmomadgenelia mtknari wylis hidra. mas gaaCnia ci-
lindruli sxeuli, romlis ukana bolo emagreba substrats. wina bolo Tavisufladaa da bolovdeba 
piriT, romlis irgvliv sacecebia ganlagebuli. saWmlis moneleba xdeba sxeulis siRrueSi. sakvebis 
miReba da narCenebis gamoyofa piris xvreliT xorcieldeba. aqvT varskvlaviseburi formis nervuli 
ujredebi, romlebic morCebiT erTimeores ukavSirdeba da qmnis nervul bades. mravldeba usqesod 
(dakvirtviT) (sur. 6.1). da sqesobrivad. hermafroditi cxovelia. erTsa da imave cxovelSi mwifdeba 
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mdedrobiTi da mamrobiTi gametebi. msusxavebis umravlesoba zRvaSi binadarobs (mag., marjnis po-
lipebi, meduzebi, aqtiniebi da sxv.).

brtyeli Wiebi. am tipSi gaerTianebulia ormxrivi simetriis, zurg-muclis mimarTulebiT 
gabrtyelebuli sxeulis mqone cxovelebi. gaaCniaT kan-kunTovani parki, romelSic Sinagani orga-
noebia moTavsebuli. maT ara aqvT sxeulis siRrue, organoebs Soris arsebuli sivrce amovsebulia 
faSari SemaerTebeli qsoviliT _ parenqimiT. amis gamo maT parenqimul Wiebs uwodeben. nawlavRru-
ianebisgan gansxvavebiT gaaCniaT gamomyof organoTa sistema. Tavisuflad mcxovrebi brtyeli Wiebi 
wamwamiani epiTeliTaa dafaruli, mtaceblebia, patara organizmebs ylapaven. 

tipi iyofa sam klasad: 1. wamwamiani Wiebi; 2. mwovelebi; 3. Tasmiseburi Wiebi. pirvel klasis 
warmomadgenlebi, zogi gamonaklisis garda, Tavisufladmcxovrebi formebia, danarCeni klasis war-
momadgenlebi ki _ adamianisa da cxovelTa parazitebia. 

wamwamian Wiebs miekuTvneba rZisferi planaria. igi mcire zomis, 1 sm-is sigrZis cxovelia. 
binadrobs damdgar an odnav gamdinare mtknar wylebSi. kan-kunTovani parkis zedapiri wamwamebiT 
aris dafaruli. muclis mxares moepoveba piris xvreli. aqvs xaxa da samad gantotvili nawlavi. maTi 
gverdiTi ganStoebebi yrud bolovdeba. ukana xvreli ar gaaCniaT, mounelebeli narCenebi gamoyofa 
piris xvreliT. gamomyofi sistema milakovania. aqvs ori nervuli Rero, romlebic wina nawilSi ar-
sebul kvanZs ukavSirdeba. sunTqavs sxeulis zedapiriT. mravldeba sqesobrivad. igi hermafroditi 
cxovelia.

mwovelebs rTuli sasicocxlo cikli gaaCniaT. ganviTarebas gadian rogorc saboloo (para-
zitobs sqesmwife forma), ise Sualed (parazitobs larva) maspinZelSi. adamianis saSiSi parazitebia 
katis mwovela, sisxlis mwovela da sxv.

Tasmisebri Wiebi endoparazitebia, romelTa sqesmwife forma adamianisa da xerxemliani cxo-
velebis nawlavebSi cxovrobs, larvuli stadia ki metwilad kunTebSi da zogierT sxva organoSi. 
adamianis saSiSi parazitebia: eqinokoki, ganieri soliteri, Roris soliteri, xaris soliteri da sxv. 

Tasmisebri Wiaa Roris soliteri (sur. 3.11). gaaCnia patara Tavi (skoleqsi), mas mosdevs mok-
le kiseri. igi warmoSobs nawevrebs. sxeulis didi nawili mravalricxovani nawevrisgan (proglodi-
ti) aris agebuli. sqesmwife soliteris sigrZe 3-4 m-s aRwevs. paraziti skoleqsiT emagreba wvrili 
nawlavis kedels, raSic xels uwyobs Tavze arsebuli oTxi misawovari da kauWebisgan warmoqmnili 
gvirgvini. parazituli cxovrebis gamo Roris soliters ar gaaCnia saWmlis momnelebeli (sakvebs 
iwovs sxeulis zedapiriT), sunTqvis, sisxlis mimoqcevis sistemebi da grZnobaTa organoebi. herma-

sur. 3.11. Roris soliteris sasicocxlo cikli.
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froditi cxovelia, TiToeul progloditSi aqvs mdedrobiT da mamrobiT sasqeso organoTa sitema. 
saboloo maspinZelSi (adamianSi) sqesmwife forma parazitobs, Sualed maspinZelSi (RorSi) _ lar-
va. Semdgomi ganviTarebisaTvis kvercxi unda moxvdes Roris saWmlis momnelebel sistemaSi. kver-
cxidan iCekeba 6-kauWiani larva _ onkosfera. igi iWreba nawlavis kedelSi da sisxliT gadaitaneba 
sxvadasxva organoSi, metwilad kunTebSi, sadac gardaiqmneba larvis sxva stadiad _ finad. adamiani 
finozuri xorcis miRebis SemTxvevaSi avaddeba.

mrgvali Wiebi. organizmebs, romlebic am tipSia gaerTianebuli daunawevrebeli wagrZele-
buli cilindruli an TiTistariseburi sxeuli gaaCniaT. zogi niadagsa da wyalSi binadrobs, sxvebi 
mcenaris, cxovelisa da adamianis parazitia. sunTqvisa da sisxlis mimoqcevis organoebi ar gaaC-
niaT. gaaCniaT martivi tipis (metwilad ori arxisgan Sedgeba) gamomyofi sistema. saWmlis momnele-
beli arxi Sedgeba piris Rrusa da nawlavisgan, romelic ukana xvreliT bolovdeba. nervuli sistema 
xaxisirgvlivi nervuli rgolisgan da sigrZivi Reroebisgan Sedgeba. ZiriTadad gayofilsqesisani 
organizmebia, zogSi gamoxatulia sqesobrivi dimorfizmi. kvercxebi garemoSi gamoiyofa da viTar-
deba. gvxdeba cocxladmSobi formebi (magaliTad, spiraluri triqinela, riSta). zogierTi parazi-
ti geohelminTia _ Sualedi maspinZlis gareSe viTardeba (magaliTad, adamianis askarida, maxvila), 
zogic biohelminTia _ ganviTarebaSi Sualedi maspinZeli monawileobs (magaliTad, riSta, spiralu-
ri triqinela). adamianis saSiSi parazitebia: adamianis askarida, spiraluri triqinela, riSta da sxv.

rgolovani Wiebi maRali organizaciis Wiebis tipia. farTodaa gavrcelebuli dedamiwaze, 
binadroben xmeleTze, zRvebsa da mtknar wylebSi. ZiriTadad Tavisuflad mcxovrebi organizmebia, 
zogierTi parazitul cxovrebasaa Seguebuli. damaxasiaTebelia sxeulis meoreuli siRrue _ ce-
lomi. maTi sxeuli ormxrivsimetriulia da dayofilia segmentebad _ metamerebad. kargad aqvT gan-
viTarebuli kan-kunTovani parki. saWmlis momnelebeli sistema, WiaTa sxva tipebisgan gansxvavebiT 
rTuli agebulebisaa da Sedgeba wina (piris Rru, xaxa), Sua da ukana nawlavisgan. sunTqvis organoebi 
mxolod zogierT rgolovan Wias gaaCnia. mraval saxeobaSi sunTqvis organos funqcias kani asru-
lebs. sisxlis mimoqcevis sistema kargad aris ganviTarebuli. igi daxSulia da mTavar nawils Sead-
gens zurgisa da muclis sisxlZarRvebi. gamomyofi sistema milakebisgan Sedgeba, romlebic segment-
segment aris ganlagebuli. nervuli sistema warmodgenilia muclis nervuli Zewkvisa da xaxis zeda 
da qveda nervuli kvanZebisgan. calsqesiani an hermafroditi cxovelebi arian. ganviTareba mimdi-
nareobs metamorfoziT. zogierT saxeobaSi gvxdeba usqeso gamravlebac (fragmentacia). gamoyofen 
sam klass: 1. mravaljagriani Wiebi; 2. mcirejagriani Wiebi; 3. wurbelebi. 

mravaljagriani Wiebis didi nawili zRvebSi mosaxleobs, zogi mtknari wylis binadaria. cxo-
vroben fskerze, zogi maTgani mjdomarea, xolo rigi formebi moZravi, zogic wyalSi curavs. sxeuli 
metad wagrZelebulia da iyofa Tavis, tanisa da analur ganyofilebebad.

mcirejagriani Wiebis didi nawili tenian niadagebSi binadrobs, rigi nawili gvxdeba mtknar 
wylebSi. am klasSia gaerTianebuli Wiayela. igi niadagis binadaria. didi raodenobiT gvxvdeba ne-
SompaliT mdidar niadagebSi. misi wvrili da grZeli sxeuli 100-180 rgols Seicavs. wina boloze pi-
ris xvrelia, ukana boloze _ analuri xvreli. TiToeul rgolze rva mokle jagaria moTavsebuli, 
romelic moZraobaSi exmareba. aqvs regeneraciis unari. hermafroditi cxovelia, euRlebian sxva-
dasxva egzemplarebi. ikvebeba neSompaliT da xrwnadi organuli narCenebiT. igi xels uwyobs niada-
gis warmoqmnas.

wurbelebidan yvelaze metad cnobilia samedicino wurbela. saqarTveloSi TiTqmis yvelgan 
gvxvdeba. ikvebeba xerxemliani cxovelebis sisxliT. iyeneben medicinaSi samkurnalo mizniT.

moluskebi anu rbiltanianebi. am tipSi gaerTianebulia erT-erTi yvelaze uZvelesi jgu-
fis cxovelebi. maTi umravlesoba binadrobs zRvebsa da okeaneebSi, zogi mtknar wylebSi, sxvebi xme-
leTze. moluskebis umetesobas aqvs niJara, romelic cxovelis garegani ConCxia. Tavze moTavsebulia 
piri. bevrs Tavze erTi an ori wyvili saceci gaaCnia, romlis boloze Tvalebi zis. sxeulsa da niJaras 
Soris moTavsebulia kanis naoWi _ mantia, romelic warmoSobs niJaras. fexis meSveobiT moluskebi ga-
dadgildebian. saWmlis momnelebeli sistema Sedgeba wina, Sua da ukana nawlavisgan. sisxlis mimoqce-
vis sistema moluskebs kargad aqvT ganviTarebuli, romelic aris Ria. moepovebaT guli. gamomyofi 
sistema erTi an ori TirkmliTaa warmodgenili. sunTqaven layuCebiT an filtviT (mantiis kedliT). 
gaaCniaT gabneuli kvanZebis tipis nervuli sistema. 

moluskebis tipSi gaerTianebulia Semdegi klasebi: orsagdulianebi, mucelfexianebi da 
Tavfexianebi. orsagdulianebis klass miekuTvneba ukbilo. igi mtknari wylis binadaria. ukbilos 
Tavi ar gaaCnia. aqvs kenti kunTovani fexi, romliTac nela gadaadgildeba. sunTqavs layuCebiT. 
guli samsakniania. calsqesiani cxovelia. mdedri 20 000-mde kvercxs yris. axasiaTebs metamorfozu-
li ganviTareba. kvercxidan viTardeba larvuli forma _ gloqida, romelic Tevzis kans emagreba 
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da parazitobs.
mucelfexianTa klass Tanamedrove moluskebis umravlesoba ekuTvnis. isini ZiriTadad bina-

droben zRvebsa da mtknar wylebSi, mcire nawili xmeleTze, am klasis warmomadgenelia CvenSi far-
Tod gavrcelebuli, xmeleTze binadari vazis lokokina. misi sxeuli spiralurad daxveul didi zo-
mis niJaraSia moTavsebuli da sam nawilad iyofa: Tavi, tani da fexi.  Tavze aqvs ori wyvili saceci. 
mokle wyvili Sexebisa da ynosvis organoa. grZeli wyvili saceci TvaliT bolovdeba. mcenareebiT 
ikvebeba, raSiac ena da masze moTavsebuli magari da maxvili kbilebi (safxeki) exmareba. gaaCnia didi 
zomis RviZli, romelic saWmlis momnelebel fermentebs gamoyofs. mxolod sqesobrivad mravldeba. 
hermafroditi cxovelia, TviTganayofiereba ar xdeba. 

Tavfexianebi zRvebsa da okeaneebSia gavrcelebuli. tipis farglebSi yvelaze ufro rTuli 
organizaciis, swrafi da aqtiuri cxovelebia. Tavi tanisagan mkafiodaa gamocalkevebuli da aRWur-
vilia sacecebiT. maTi saSualebiT cxoveli moZraobs da msxverplsac iWers. aqvT kargad ganviTare-
buli xerxemlianebis msgavsi kameriani Tvali. TavfexianTa umetesobas niJara ar gaaCnia, xolo zogs 
aqvs rudimentis saxiT.

niJara moepoveba mxolod uZveles reliqtur formas _ nautiluss. isini calsqesiani cxove-
lebia. ganviTareba pirdapiria. zogierTs aqvs sarewao mniSvneloba _ iyeneben sakvebad.

fexsaxsrianebi. isini uxerxemlo cxovelTa Soris yvelaze maRalganviTarebuli da mra-
valricxovani cxovelebi arian. marto mwerebis klasi milionamde saxeobas Seicavs. fexsaxsrianebi 
cxovroben xmeleTze, zRvebsa da mtknar wylebSi, gvxdeba parazituli formebic. damaxasiaTebelia 
ormxrivsimetriuli sxeuli, romelic segmentirebulia. kidurebi dasxsruli aqvT, saidanac war-
modgeba maTi saxeli. sxeuli Tavis, tanisa da muclisagan Sedgeba. sxeuli dafarulia mkvrivi qiti-
novani kutikuliT. igi warmoadgens garegan ConCxs, romelic cxovels icavs dazianebisa da gamoSro-
bisagan.

nervuli sistema kargad aqvT ganviTarebuli, Sedgeba xaxis zeda da xaxis qveda nervuli kvan-
Zisgan da muclis nervuli Zewkvisgan. sakmaod rTuli agebulebis grZnobaTa organoebi aqvT. Tavze 
ganlagebulia rTuli fasceturi Tvalebi, mxedveloba mozaikuria. saWmlis momnelebeli siste-
ma Sedgeba wina, Sua da ukana nawlavisgan. sunTqvis sistema sxvadasxvanairia: wyalSi mcxovrebni 
sunTqaven layuCebiT, xmeleTis formebi _ filtvebiT an traqeebiT. gaaCniaT Ria sisxlis mimoqce-
vis sistema da moepovebaT kunTovani guli. gamomyof funqcias malpigis milebi da cximovani sxeuli 
asrulebs. isini calsqesiani cxovelebia. xSiria sqesobrivi dimorfizmi. zogierTi saxeoba mravl-
deba parTenogenezurad.

fexsaxsrianTa tipSi ramdenime klasia gaerTianebuli, maT Soris aRsaniSnavia: kibosnairebi, 
obobasnairebi, mwerebi. 

kiboebi dedamiwaze farTodaa gavrcelebuli. ZiriTadad cxovroben zRvebsa da mtknar wyleb-
Si, zogierTi mRvimeebSi gvxdeba, zogic notio niadagebSi. kiboTa warmomadgenlebi arian: dafnia, 
ciklopi, Rortava, nestis Wia, mdinaris kibo, kreveti, kiborCxala da sxv.

obobasnairTa klasSi gaerTianebulia metad nairgvari agebulebis fexsaxsrianebi. bina-
droben xmeleTze, iSviaTad wyalSi (mag., wylis obobebi). umravlesoba mtacebelia. sxeuli Sedgeba 
Tavmkerdisa da muclisagan, iSviaTad orive nawili Serwymulia (mag., tkipebi). sunTqaven traqeebiT 
an filtvebiT, iSviaTad oriveTi. zogierTs aqvs Sxamiani jirkvali (magaliTad, morielebi, obobebi). 
isini gayofilsqesiani cxovelebi arian. kvercxisdebiT mravldebian. morielebi cocxlad mSobiare-
ni arian.

mwerebi cxovelTa samyaros yvelaze mravalricxovani warmomadgenlebi arian. mravalnair 
sacxovrebel garemoSi arsebobam, maTi mravalgvaroba gamoiwvia. sxeuli dayofilia sam nawilad: 
Tavi, mkerdi da muceli. Tavze aqvs erTi wyvili ulvaSi, martivi da wyvili rTuli _ fasceturi Tva-
lebi, piris aparati. piri sxvadasxva tipisaa (mRrRneli, sawuwni, mlokavi, mCxvlet-sawuwni, mburRa-
vi da a. S.) da kvebis xasiaTzea damokidebuli. mkerdi Sedgeba sami segmentisagan, TiToeulze TiTo 
wyvili dasaxsruli fexia. Sua da ukana mkerdze moepovebaT TiTo wyvili frTa. muclis ganyofileba 
dasegmentebulia. ganviTareba umaRles mwerebSi metamorfoziT mimdinareobs. (sur. 6.15). ikvebebian 
nairgvari sakvebiT, mcenareebiTa da cxovelebiT, gvxdeba nairWamia formebic. monawileoben mce-
nareTa jvaredin damtvervaSi. umravlesoba mcenareebisa da cxovelebis mavneblebi arian. zogs ga-
daaqvs sxvadasxva daavadebis gamomwvevebi (magaliTad, koRo anofelesi, buzi cece da misT.).

kaneklianebi. uxerxemlo cxovelTa metad uZvelesi warmoSobis tipia. gavrcelebulia mxo-
lod zRvebsa da okeaneebSi. umetesoba binadrobs fskerze. axasiaTebT sxivuri simetria (meoreuli 
movlenaa, vinaidan maTi larvebi ormxrivsimetriulia), kirovani ConCxi da wyalgamtari arxebis gan-
sakuTrebuli anu ambulakruli sistema. sxeuli dafarulia kirovani nemsebiT. gaaCniaT gansxvavebu-
li formis sxeuli (magaliTad, varskvlavis, burTis, gulis, yvavilis, kitris da sxv.). Tavisuflad 
mcxovreb cxovelebs piri muclis (oralur) mxaresaa, xolo analuri xvreli _ zurgis (aboralur) 
mxares. ambulakruli sistema moZraobis, sunTqvis, gamoyofisa da Sexebis organos funqcias asru-
lebs. igi Sedgeba pirisirgvlivi da masTan dakavSirebuli xuTi radialuri arxisgan, romlebic am-
bulakruli fexebiT bolovdeba. zRvis wylis miwodebas zeda mxares arsebuli sacrisebri firfi-
ta da masTan dakavSirebuli mokle mili _ qviani arxi aregulirebs. nervuli sistema Sedgeba piris 
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irgvlivi nervuli rgolisa da radialuri nervebisgan. grZnobaTa organoebi (Sexebis, ynosvis, ge-
mos, mxedvelobis, wonasworobis) sustadaa diferencirebuli. sisxlis mimoqcevis sistema Sedgeba 
oraluri da aboraluri wriuli da radialuri sisxlZarRvebisagan. umetesoba mtacebelia, zogi 
ikvebeba mcenareebiTa da detritiT. mravldebian sqesobrivad da usqesod (sxeulis Suaze gayofiT 
da danaklisi nawilis regeneraciiT). kaneklianebs miekuTvneba: zRvis varskvlava, zRvis zRarbi, zR-
vis SroSani, holoTuria da sxv.

qordianebi. cxovelTa samefos sxva tipebisagan qordianebi Semdegi niSnebiT gansxvavde-
ba: 1. sxeulis mTavar sayrden RerZs, ganviTarebis romelime stadiaSi mainc, warmoadgens qorda; 
2. gaaCniaT nervuli mili, romelic qordis zemoT Zevs; 3. saWmlis momnelebeli milis wina ubanis 
_ xaxis gverdiT kedelebSi viTardeba salayuCe napralebi, romlebic wylis cxovelebs layuCebad 
gardaeqmnebaT. saWmlis momnelebeli mili qordis qvemoT aris moTavsebuli; 4. guli saWmlis momne-
lebeli arxis mimarT ventralurad mdebareobs. 

qordianebis tipi iyofa sam qvetipad: 1. uqaloebi (warmomadgenelia lanceta (sur. 11.28); 2. 
garsianebi; 3. xerxemlianebi anu qalianebi. 

xerxemlianebi sxeulis agebulebiT, fiziologiuri moqmedebiT ganviTarebis maRal donezea. 
amJamad xerxemlianebs yofen 7 klasad. mrgvalpirianebi. am klasSi gaerTianebulia xerxemlian cxo-
velTa Soris yvelaze primitiuli aRnagobis mqone formebi. TiTqmis yvela zRvasa da okeaneSi bina-
drobs, gvxvdeba mtknari wylis formebic. gveliseburad wagrZelebuli momrgvalo sxeuli dafaru-
lia mkvrivi kaniT. damaxasiaTebelia kenti farflebi. mrgvalpirianebs ara aqvT namdvili ybebi da 
kbilebi. Sinagani ConCxi xrtilovania. qorda mTeli sicocxlis manZilze aqvT SenarCunebuli. isini 
sunTqaven layuCebiT. saWmlis momnelebeli sistema martivia. gaaCnia Zabriseburi piri da rqovani 
kbilebi. zogi mtacebelia, umetesoba ki _ parazitebi. isini piriT wylis cxovelebs emagrebian (ume-
tesad Tevzebs) da maTi sisxliT ikvebebian. gamravleba monocikluria (erTjeradi), tofobis Semdeg 
mSoblebi ixocebian. am klasSi gaerTianebulia miqsinebi da salamurebi.

xrtilovani Tevzebi. am klasSi gaerTianebuli Tevzebi ZiriTadad zRvebis binadrebi arian. 
primitiuli aRnagobis formebia. maTi kani dafarulia plakoiduri (kanSi Camjdari firfita, ma-
sze moTavsebuli dentinisa da pulpisgan agebuli kbilakiT) qercliT. layuCis xvrelebi Riaa. mala 
amficeluria (malas sxeuli ormxriv Sezneqilia). malebs Soris SemorCenilia qorda. ar gaaCniaT 
sacuravi buSti. mrgvalpirianebisgan gansxvavebiT, aqvT basri kbilebiT SeiaraRebuli ybebi. igi 
sakvebis damWeri da damqucmacebeli organoa, romlis warmoSobas didi adapturi mniSvneloba hqon-
da. sxeuli Sedgeba Tavis, tanisa da kudisgan. maTi guli orsakniania (winaguli da parkuWi) da aqvT 
sisxlis mimoqcevis erTi daxSuli wre. deben didi zomis qviriTs an cocxal lifsitebs Soben (maga-
liTad, TevzCaquCa, cisferi zvigeni). am klass miekuTvneba zvigenebi da skarosebi.

Zvlovani Tevzebi. Tanamedrove Tevzebis umetesoba am klasSia gaerTianebuli. isini deda-
miwaze arsebul yvela akvatorias ikaveben. sxeuli Sedgeba Tavisagan, romelic uSualod dakavSi-
rebulia tanTan da agreTve kudisagan. tanze ganlagebulia wyvili da kenti farflebi. moZraobis 
organoa kudi, kenti da wyvili farflebi. kani dafarulia qercliT (iSviaT SemTxvevaSi SiSvelia). 
maTTvis damaxasiaTebelia mTlianad an nawilobriv Zvlovani ConCxi. gaaCniaT kargad ganviTarebuli 
ybebi da Zvlovani saxuraviT dafaruli layuCebi. aqvT sacuravi buSti, romelic zogierT formaSi 
filtvadaa gadaqceuli, zogs meoreulad dakarguli aqvs. aqvT orsakniani guli da sisxlis mimoqce-
vis erTi daxSuli wre. isini calsqesiani individebi arian. axasiaTebT garegani ganayofiereba da ga-
regani ganviTareba. gvxvdeba cocxalmSobi saxeobebi (magaliTad, gambuzia). 

amfibiebi. xmeleTis pirvel xerxemlianTa jgufia, romlebic Seguebulni arian, rogorc wyal-
Si, ise xmeleTze cxovrebas. mTel mso-
flioSia gavrcelebuli, yvelaze metad 
tropikebSi gvxdebian. Tevzebis msgavsad 
qviriTs wyalSi yrian (zogi cocxalmSo-
bia). umetes SemTxvevaSi ganviTareba me-
tamorfoziT mimdinareobs. (sur. 3.12). 
saqarTveloSi amfibiebidan gvxdeba 
kavkasiuri tritoni, kavkasiuri salaman-
dra, vasaka, gombeSo, tbis bayayi da sxv. 

amfibiebis kani nazi da SiSvelia, 
Seicavs nairgvar jirkvlebs. kunTovani 
sistema xasiaTdeba tanis kunTebis meti 
diferencirebiT da kidurebis kunTebis 
mZlavri ganviTarebiT. ConCxi Sedgeba 
qalis, xerxemlisa da wyvili kidurebis 
ConCxisagan. neknebi reducirebulia. 
sisxlis mimoqcevis sistema daxSulia da 
ori wrisgan Sedgeba. gaaCniaT samsakniani 

sur. 3.12. bayayis sasicocxlo cikli. bayayis individualuri 
ganviTareba sruli metamorfoziT mimdinareobs. a. qviriTi. b. 
larva _ Tavkombala. g. zrdasruli individi.
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guli, romelic Seicavs or winagulsa da erT parkuWs. yvela zrdasruli amfibia cxoveluri sakve-
biT ikvebeba. sakvebis mopovebaSi exmareba grZeli, lorwovani da moZravi ena. gaaCniaT mokle saWm-
lis momnelebeli arxi. zrdasrulebi filtvis tomsikebiT sunTqaven, xolo larvebi _ layuCebiT. 
sunTqvaSi mniSvnelovan rols asrulebs kani. nervuli sistema Sedgeba 5 ganyofilebiani Tavis tvi-
nisa da zurgis tvinisgan, aseve maTgan gamomavali nervebisgan. wina tvini, romlis naxevarsferoebi 
mTlianad gayofilia, kargadaa ganviTarebuli, naTxemi ki _ sustad. amfibiebis umravlesobas axa-
siaTebs garegani ganayofiereba da garegani ganviTareba. larvebis (Tavkombala) sisxlis mimoqcevisa 
da sunTqvis sistema Tevzebisas hgavs. maT, soflis meurnebis mavne da daavadebaTa gamomwvevebis ga-
damtan mwerebis ganadgurebiT, garkveuli sargebloba moaqvT. bevr qveyanaSi zogierTi saxeoba ada-
mianis sakvebia. bayayi fiziologiis klasikuri obieqtia. CvenSi zogierTi saxeoba gadaSenebis piras 
imyofeba da Setanilia wiTel wignSi (siriuli myvari, kavkasiuri jvriana, mcireaziuri tritoni). 

qvewarmavlebi anu reptiliebi namdvili xmeleTis cxovelebis jgufs aerTianebs, romlebic 
mravldebian da viTardebian xmeleTze. kani dafarulia rqovani qerclebiT an farebiT. ConCxi Zvlo-
vania da Sedgeba: qalas, tanisa da kidurebis ConCxisgan (gamonaklisia ufexo formebi). zogierT rep-
tilias gaaCnia garegani ConCxi. kargad aqvT ganviTarebuli wina tvini da naTxemi. wina tvins aqvs 
ruxi nivTierebis Txeli fena (qerqi). gaaCnia kargad ganviTarebuli filtvebi, guli samsakniania, 
parkuWi nawilobriv an mTlianad (niangebi) gadatixrulia. parkuWebs Soris xdeba arteriuli da ve-
nuri sisxlis Sereva. aqvT sisxlis mimoqcevis ori _ didi da mcire wre. gaaCniaT kloaka. umetesoba 
zoofagebia, gvxvdeba fitofagebic (magaliTad, ku). axasiaTebT Sinagani ganayofiereba da garegani 
ganviTareba. qvewarmavlebis umetesoba kvercxmdebia, zogi cocxalkvercmdebi an cocxladmSobia. 
kvercxi naWuWiTaa dafaruli, romelic garemo faqtorebis zemoqmedebisgan icavs. reptiliebis 
mniSvneloba arcTu ise didia. zogis tyavs (magaliTad, niangi) iyeneben sagalanterio saqmeSi, zogis 
xorcsa da kvercxs ki _ sakvebad (magaliTad, ku, niangi). gvelebis Sxamidan sxvadasxva saxis medika-
ments amzadeben. Sxamian gvelebs didi ziani moaqvT tropikul qveynebSi mosaxleobisaTvis, sadac 
yovelwliurad dagesvlis Sedegad aseulobiT adamiani iRupeba. saqarTvelos wiTel wignSi Setani-
li qvewarmavlebia: grZelfexa scinki, dasavluri maxrCobela, grZeli mcuravi, xmelTaSua zRvis ku 
da sxv.

frinvelebi. am klasSi gaerTianebulia orfexa, bumbuliT dafaruli, kvercxismdebeli cxove-
lebi. frinvelebi xerxemliani cxovelebis maRalganviTarebuli da metad specifikuri jgufia. maTi 
umetesoba Seguebulia haerSi frenas. wina kidurebi frTebadaa gadaqceuli. gavrcelebuli arian 
mTel msoflioSi _ arqtikidan antarqtikamde. frinvelebi anatomiuri agebulebiT did msgavsebas 
MamJRavneben qvewarmavlebTan. aqvT Txeli, ujirkvlo kani (umravlesobas aqvs kudusunszeda anu zan-
darozis jirkvali) da kanis rqovani danamatebi: niskarti, brWyalebi, bumbuli da sxv. bumbulis Se-
ferva damokidebulia pigmentebze (melanini, lipoqromi).

ConCxi pnevmaturi (haeriT amovsebuli) Zvlebisgan Sedgeba, rac mas simsubuqesa da simtkices 
aniWebs. kunTovani sistema kargadaa ganviTarebuli. sunTqvis organoebi sahaero gzebis, filtve-
bisa da sahaero parkebisgan Sedgeba. frenisas axasiaTebs ormagi sunTqva, romelic Taviseburia: Se-
sunTqvisas sahaero gzebis gavliT haeri gadadis filtvebSi, aqedan ki elastiur sahaero parkeb-
Si, amosunTqvisas _ haeri filtvebis meored gavlisas gamodis gareT. sisxlis mimoqcevis sistema 
qvewarmavlebTan SedarebiT garTulebulia da warmodgenilia oTxsakniani guliTa da ori daxSuli 
wriT. venuri da arteriuli sisxlis Sereva arsad ar xdeba. aqvs mxolod aortis marjvena rkali. 
isini Tbilsisxliani cxovelebi arian. gamomyofi organoa wyvili Tirkmeli. Sardis buSti ara aqvT 
(frenisadmi Seguebaa). SardsawveTi uSualod kloakaSi ixsneba. 

saWmlis momnelebeli sistema warmodgenilia Semdegi nawilebiT: piris Rru, saylapavi mili, 
CiCaxvi, jirkvlovani kuWi, kunTovani kuWi, Tormetgoja nawlavi, romelSic ixsneba naRvlisa da 
pankriasis sadinrebi, wvrili nawlavi, romelic kloakas ukavSirdeba. frinvelebs aqvT SedarebiT 
didi Tavis tvini. kargadaa ganviTarebuli hemisferoebi (dafarulia qerqiT) da naTxemi. 

frinvelebis gamravleba metad specifikuria. umetesobaSi kargadaa gamoxatuli sqesobrivi 
dimorfizmi. mamals gaaCnia wyvili saTesle, dedals kenti _ marcxena sakvercxe. kvercxi dafaru-
lia kirovani naWuWiT. axasiaTebT kruxobisa da mSobliuri zrunvis instinqti. 

iSviaTi da amowydomis safrTxis winaSe mdgari frinvelebi Setanilia saqarTvelos wiTel wi-
gnSi (yaryati, TeTrkuda arwivi, batkanZeri, duraji, kaspiuri SurTxi, xonTqris qaTami, Savardeni, 
mTis arwivi, gnoli, kavkasiuri roWo, savaTi da sxv.). 

ZuZumwovrebi evoluciuri ganviTarebiT umaRles safexurze mdgomi, Tbilsisxliani da 
cocxalmSobiare cxovelTa jgufia. isini gavrcelebuli arian mTel dedamiwaze. maTi umravlesoba 
binadrobs xmeleTze, nawili Seguebulia zRvebsa da mtknar wylebSi cxovrebas. ZuZumwovrebis kani 
mkvrivi da sqelia, romelic balniTaa dafaruli. kanis rqovani warmonaqmnebia: rqa, brWyali, Cliqi, 
frCxili da sxv. kanSi aqvs saofle, Tebosa da sxva jirkvlebi. mniSvnelovania sarZeve jirkvlebi, ro-
melTa sekretiT deda kvebavs Tavis naSiers. gaaCniaT Zlier diferencirebuli kunTovani sistema. 
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diafragmiT muclisa 
da gulmkerdis siR-
rueebi erTmaneTi-
saganaa gamijnuli. 
maRalganviTarebul 
ConCxSi gamoyofen 
Semdeg nawilebs: qa-
las, tanisa da kidu-
rebis ConCxs. 

u m e t e s o b a s 
aqvs diferencire-
buli kbilebi (mWre-
lebi, eSvebi, mcire 
da didi ZiriTadi). 
guli oTxsakniania, 
aqvs mxolod aor-
tis marcxena rka-
li. eriTrocitebi 
ubirTvoa. sunTqaven 
filtvebiT. kargad 
aris ganviTarebuli 
Tavis tvini. did naxe-
varsferoebs gaaCnia 
kargad ganviTarebu-
li qerqi, zogierT 
cxovels Rarebi da 
naoWebi aReniSne-
ba. Zalze kargad 
aris ganviTarebuli 
grZnobaTa organoe-
bi, gansakuTrebiT 
mxedvelobis, smenisa 
da ynosvis. calsqe-
siani cxovelebia, 
mraval maTganSi (spi-
lo, iremi, Sveli da 
sxv.) mkafiod aris ga-
moxatuli sqesobrivi 
dimorfizmi. naSieri 
umetes SemTxvevaSi ususuri da Tvalauxilavia. mxolod kloakianebi deben kvercxs. ZuZumwovre-
bis unificirebuli sistematika araa SemuSavebuli. dainteresebul mkiTxvels maT klasifikacias 
SuZlia gaecnos axlad gamocemul zoologiis saxelmZRvaneloebsa da internetis Sesabamis saitze. 
wesisamebr saskolo saxelmZRvaneloebSi gamartivebuli sistematikaa mowodebuli.

ZuZumwovrebs yofen or qveklasad da sam infraklasad: 1. kloakianebi (mxolod sami saxeobaa 
gaerTianebuli: eqidna, proeqidna da ixvniskarta); 2. CanTosnebi anu umdablesi nadirni (gaerTiane-
bulia 250-mde saxeoba); 3. placentianebi anu umaRlesi nadirni. 

saqarTveloSi aRricxulia 100-mde saxeobis ZuZumwovari, 21 Setanilia saqarTvelos wiTel wi-
gnSi (magaliTad, niamori, jeirani, jiqi, wavi, kavkasiuri focxveri, kavkasiuri iremi, amierkavkasiu-
ri zazuna da sxv. ix. sur. 3.13)

sur. 3.13. saqarTvelos wiTel wignSi Setanili zogierTi ZuZumwovari (mura daTvi, 
leopardi, jixvi, kavkasiuri iremi, delfini, jeirani) (foto n.kopalianis.)
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4.1. ujreduli Teoriis Camoyalibebis mokle istoria da 
ZiriTadi debulebebi

saxelmZRvanelos winamdebare TavebSi detalurad iyo ganxiluli, Tu ra udidesi mravalfero-
vnebiT gamoirCeva cocxali buneba. miuxedavad aRniSnuli mravalgvarobisa, TiTqmis yvela cocxali 
arseba ujredebisagan Sedgeba. Cvens planetaze ujredis gareSe sicocxle ar arsebobs. gamonakli-
sia mxolod virusebi. isini araujredovani agebulebisaa, Tumca, sicocxlisaTvis damaxasiaTebel 
Tvisebebs mxolod cocxal ujredSi SeRwevis Semdeg avlens. 

ujredis Seswavlis istoria dasabams iRebs mikroskopis pirveli da martivi modelebis Seqmnis 
Semdeg. XVII saukunis samocian wlebSi r. hukma1 korpis Txeli anaTlebis mis mierve gaumjobesebuli, 
magram jer kidev primitiuli mikroskopiT dakvirvebisas SeniSna, rom is Sedgeboda erTmaneTisa-
gan tixrebiT gamijnuli patar-patara carieli sivrceebisagan, romelTac “ujredebi” uwoda (ingl. 
Cell, laT. Cellula da berZn. kytos _ sakani, ujredi). cota mogvianebiT a. levenhukma2 tboridan aRe-
bul wylis wveTSi mikroorganizmebi aRmoaCina. man eriTrocitebi da spermatozoidebic aRwera.

XVII saukunis samocdaaTian wlebSi italielma eqimma da naturalistma marCelo malpigim 
(1628-1694) da ingliselma naturalistma neemia grium (1641-1712) mcenareebis sxvadasxva organo-
Si aRweres ,,tomsikebi” da ,,buStukebi”, riTac daadastures, rom mcenareebis organoebSi ujredebi 
farTodaa gavrcelebuli. 

miuxedavad imisa, rom am saukuneSi mcenareebisa da cxovelebis ujreduli agebulebis Sesaxeb 
uamravi masala dagrovda, saTanadod ver Sefasda ujredis aRmoCenis fundamenturi mniSvneloba. 
mxolod XVIII saukunis meore naxevarSi Catarda mcenareTa da cxovelTa ujredebis mikrostruqtu-
ris Sedarebis pirveli mcdelobebi. 

1831 wels Sotlandielma botanikosma robert brounma aRwera mcenareuli ujredis birTvi 
da gamoTqva mosazreba, rom is mcenareuli ujredis mudmiv Semadgenel nawils warmoadgens.

XIX saukuneSi moZRvreba ujredis Sesaxeb biologiis damoukidebel mimarTulebad Camoyalib-
da. ujredis Seswavlis saqmeSi didi damsaxureba miuZRvis Cex fiziologsa da fsiqologs ian purki-
niesac (1787-1869), romelmac daadgina, rom ujredis cocxal nivTierebas misi kedeli ki ar warmoad-
gens, aramed misi SigTavsi da mis aRsaniSnavad daamkvidra termini “protoplazma”. 

XIX saukunis pirvel naxevarSi germanelma zoologma T. Svanma3 Caatara klasikuri gamokvleve-
bi, romlebmac safuZveli Cauyara ujreduli Teoriis Camoyalibebas. is SemdegSi mdgomareobs: uj-
redi aris cocxali organizmebis agebulebisa da cxovelqmedebis ZiriTadi da umciresi erTeuli, 
romlis gareSe sicocxle ar arsebobs. ujreduli Teoriis Tanaavtorad germanel mecnier m. Slai-
dens4 miiCneven.

ujreduli Teoriis srulyofaSi didi mniSvneloba hqonda XIX saukunis oTxmocian wlebSi cxo-

1	 robert huki (1635-1703) ingliseli bunebismetyveli, swavluli enciklopedisti, fizikis erT-erTi fuZem-
debeli da mravali aRmoCenis avtori. man 1665 wels gamoqveynebul naSromSi ,,mikrografia” Tavisi mikrosko-
puli da teleskopuli dakvirvebani aRwera. am naSromSivea gadmocemuli korpis mikroskopuli agebuleba.

2	 antoni van levenhuki (1632-1723) holandieli maudiT movaWre, mikroskopis mecnierul kvlevebSi gamoye-
nebis fuZemdebeli. gatacebuli iyo gamadidebeli linzebisa da mikroskopis msgavsi xelsawyoebis damzade-
biT. man tboridan aRebuli wylis wveTSi moZravi erTujrediani arsebebi, maT Soris, baqteriebi aRmoaCina. 
am umniSvnelovanesi aRmoCenebis gamo levenhuki, miuxedavad imisa, rom mas specialuri ganaTleba ar hqonda 
miRebuli da arc laTinuri icoda (rac imdroindel samecniero wreebSi wera-kiTxvis ucodinarobis tol-
fasi iyo), londonis samefo sazogadoebis wevrad airCies.

3	 Teodor Svani (1810-1882) germaneli citologi, histologi da fiziologi. 1839 wels mis mier gamoqveyne-
bul naSromSi ,,mikroskopuli gamokvlevebi mcenareTa da cxovelTa struqturisa da zrdis Sesabamisobis 
Sesaxeb” Camoyalibebulia ujreduli Teoriis ZiriTadi arsi. Svanma SeZlo daemtkicebina, rom mcenareTa da 
cxovelTa elementaruli mikroskopuli struqturebis (anu ujredebis) agebuleba da zrda msgavsia.

4	 maTias iakob Slaideni (1804-1881) germaneli botanikosi da sazogado moRvawe. misi ZiriTadi Sromebi exeba 
mcenareTa agebulebis Seswavlas. man didi wvlili Seitana ujreduli Teoriis SeqmnaSi da samarTlianad iT-
vleba am Teoriis erT-erT fuZemdeblad.
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veluri ujredis gayofis aRmoCenas. am mxriv gansakuTrebulia r. virxovis5 damsaxureba. aRsaniSna-
via germaneli histologis valter flemingis (1843-1905) mier cxoveluri, xolo germaniaSi moRvawe 
poloneli botanikosis edvard strasburgeris (1844-1912) mier mcenareuli ujredebis mitozuri 
gayofis TiTqmis erTdrouli aRmoCena. amave periodSi aRmoaCines qromosomebi. 1866 wels germa-
nelma bunebismetyvelma da filosofosma ernst hekelma daadgina, rom memkvidreobiTi informaci-
is Senaxvasa da Taobidan TaobaSi gadacemas ujredis birTvi axorcielebs.

amave saukuneSi daadgines, rom ujreduli Teoria umartivesebsac moicavs – damtkicda, rom 
umartivesebi Tavisuflad mcxovrebi ujredebia.

droTa ganmavlobaSi codna ujredis Sesaxeb axali aRmoCenebiT mdidrdeboda. gairkva, rom 
protoplazma ujredis naxevradTxevadi ustruqturo cocxali SigTavsi ki ar aris, aramed Sedgeba 
wvrili warmonaqmnebisagan, romelTac organoidebi ewoda. organoidi warmoadgens garkveuli age-
bulebisa da funqciis ujredul struqturas. mecnierebma aRmoaCines mitoqondriebi, plastidebi, 
goljis aparati, ujredis centri. dadginda, rom yoveli saxis organoidi gansakuTrebul, mxolod 
misTvis damaxasiaTebel funqcias/funqciebs asrulebs. Seicvala terminis “protoplazma” gagebac. 
Tanamedrove SexedulebiT protoplazma membraniT SemosazRvruli ujrdis mTliani SigTavsia, ro-
melic birTvisa da citoplazmisagan Sedgeba.

ujredis SeswavlaSi metad mniSvnelovani etapi gasuli saukunis ocdaaTiani wlebidan, ele-
qtronuli mikroskopis gamogonebis Semdeg daiwyo. sinaTlis mikroskopisagan gansxvavebiT, rome-
lic saSualebas iZleva sakvlevi obieqti maqsimum 3500-jer gavadidoT, eleqtronuli mikroskopiT 
ujredisa da misi komponentebis aseul aTasjer gadidebaa SesaZlebeli.

eleqtronuli mikroskopis daxmarebiT aRmoaCines, rom nebismieri ujredi garemosagan Txeli 
apkiTaa gamijnuli, romelsac ujredis gare membrana, anu plazmuri membrana ewoda. aRmoCenilia 
sinaTlis mikroskopSi uxilavi organoidebic: endoplazmuri bade, ribosomebi, lizosomebi, pe-
roqsisomebi da sxv. dadginda, agreTve, sinaTlis mikroskopSi xiluli organoidebis Sinagani age-
bulebac.

am da sxva mraval aRmoCenaze dayrdnobiT ujredulma Teoriam ufro srulyofili saxe miiRo.
Tanamedrove ujreduli Teoriis ZiriTadi debulebebia:
1.	 ujredi aris cocxali organizmebis agebulebis, cxovelqmedebis, zrdisa da ganviTarebis 

erTeuli. ujredis gareSe sicocxle ar arsebobs.
2.	 ujredi erTiani sistemaa, romelic Sedgeba erTmaneTTan kanonzomierad dakavSirebuli 

mravali elementisagan.
3.	 yvela organizmis ujredebi qimiuri SemadgenlobiT, agebulebiTa da funqciebiT erTmane-

Tis msgavsia.
4.	 axali ujredebi mxolod arsebuli ujredebis gayofis gziT warmoiqmneba.
5.	 mravalujrediani organizmebis ujredebi warmoqmnis qsovilebs, qsovilebi – organoebs, 

organizmis sicocxle ganpirobebulia misi Semadgeneli ujredebis urTierTmoqmedebiT.
6.	 mravalujrediani organizmis yvela ujreds aqvs genebis sruli nakrebi, magram ujredebi 

erTmaneTisgan gansxvavdeba imiT, rom sxvadasxva ujredSi moqmedebs genebis gansxvavebuli 
jgufebi. amiTaa ganpirobebuli erTsa da imave organizmis sxvadasxva ujredis morfolo-
giuri da funqciuri mravalferovneba – diferencireba.

ujreduli Teoriis ZiriTad debulebebTan erTad xSirad damatebiT debulebebsac aRniSna-
ven. ase magaliTad: 

•	 prokariotebisa da eukariotebis ujredebi sxvadasxva sirTulis sistemebia da erTmane-
Tis srulad homologiurni ar arian. 

•	 ujredis gayofasa da organizmebis gamravlebas safuZvlad memkvidreobiTi informaciis 
matarebeli molekulebis – nukleinis mJavebis gaormageba udevs. genetikuri uwyvetoba 
exeba ara marto mTlian ujreds, aramed mis komponentebsac – mitoqondriebs, qloropla-
stebs, genebsa da qromosomebs. 

ujreduli Teoriis Seqmna da srulyofa umniSvnelovanesi movlenaa biologiaSi. is warmo-
adgens cocxali bunebis erTianobis damamtkicebel sabuTs. ujredulma Teoriam biZgi misca iseTi 
disciplinebis ganviTarebas, rogorebicaa: citologia anu ujredis biologia, embriologia, hi-
stologia da fiziologia. 

5	 rudolf ludvig virxovi (1821-1902) didi germaneli mecnieri da politikuri moRvawe, eqimi, paTologa-
natomi, histologi, fiziologi. is ujreduli Teoriis erT-erTi fuZemdebelia. r. virxovma jer kidev 1858 
wels ivarauda, rom ujredebi winamorbedi dediseuli ujredebisagan warmoiqmneba. mas ekuTvnis frTiani 
fraza - ,,Omnis cellula ex cellula“ (yoveli axali ujredi ukve arsebuli ujredisgan warmoiqmneba).
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4.2. ujredis qimiuri organizacia

cocxali organizmebis ujredebSi oTxmocze meti qimiuri elementia warmodgenili, amasTa-
nave arc erTi maTgani ar aris damaxasiaTebeli mxolod cocxali sistemebisTvis, isini aracocxal 
bunebaSic gvxvdeba.

cocxal organizmebSi Semavali elementebi SeiZleba 3 jgufad davyoT.
pirvel jgufs e. w. makroelementebi warmoadgens. am elementebze modis ujredis masis daaxlo-

ebiT 99%, gansakuTrebiT aRsaniSnavia 4 elementi – Jangbadi (O), naxSirbadi (C), wyalbadi (H) da azoti 
(N), romlebic ujredis masis 95%-ze mets Seadgens. makroelementebs miekuTvneba is elementebic, ro-
melTa raodenoba ujredSi procentis meaTedi da measedi nawilia. aseTebia: kalciumi (Ca), fosfori 
(P), magniumi (Mg), natriumi (Na), kaliumi (K), qlori (Cl), gogirdi (S), rkina (Fe) (ix. cxrili  4.1). 

meore jgufs mikroelementebi Seadgens. TiToeuli maTganis ujredSi koncentracia procentis 
meaTiaTasedze naklebia. maT miekuTvneba: TuTia (Zn), spilenZi (Cu), iodi (I), ftori (F), manganumi (Mn), 
bori (B), molibdeni (Mo), kobalti (Co) da sxv. mikroelementebi Sedis zogierTi vitaminis (magaliTad, 
kobalts Seicavs vitamini B

12
), hormonis (magaliTad, insulini Seicavs TuTias, xolo farisebri jir-

kvlis hormonebi – iods) da fermentis SemadgenlobaSi, an fermentis aqtivatoris rols asrulebs.
mesame jgufSi gaerTianebulia ultramikroelementebi (sindiyi _ Hg, oqro _ Au, radiumi _ 

Ra da sxv.), romelTa koncentracia ujredSi 0,000001%-s ar aRemateba.
cocxal organizmebSi qimiuri elementebi an ionebis (Na+, K+, Ca2+, Zn2+, Fe3+, Cl -, HCO3

- da a.S.) 
saxiTaa warmodgenili, anda qimiur naerTebs warmoqmnis. ujredebSi Semaval qimiur naerTebs yofen 
mineralur da organul naerTebad (ix. cxrili 4.2).

cxrili N 4.1 
zogierTi qimiuri elementis Semcveloba ujredSi

elementi raodenoba (%)

Jangbadi - O 65 – 75

naxSirbadi - C 15 – 18

wyalbadi - H 8 – 10

azoti - N 1,5 – 3,0

kalciumi - Ca 0,04 – 2,00

fosfori - P 0,20 – 1,00

kaliumi - K 0,15 – 0,40

gogirdi - S 0,15 – 0,20

qlori - Cl 0,05 – 0,10

magniumi - Mg 0,02 – 0,03

natriumi - Na 0,02 – 0,03

rkina - Fe 0,010 – 0,015

TuTia - Zn 0,0003

spilenZi - Cu 0,0002

iodi - I 0,0001

ftori - F 0,0001

cxrili NN 4.2
qimiuri naerTebis ujredSi Semcveloba

nivTiereba raodenoba (%)

wyali 70 – 85

mineraluri marilebi 1,0 – 1,5

cilebi 10 – 20

naxSirwylebi 0,2 – 2,0

cximebi 1 – 5

nukleinis mJavebi 1 – 2

dabalmolekuluri organuli 
nivTierebebi

0,1 – 0,5
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4.2.1. wyali 
wyali (H2O) gamWvirvale, ufero, usuno siTxea. myar mdgomareobaSi mas yinuli an Tovli ewo-

deba. dedamiwis zedapiris daaxloebiT 70% wyliT aris dafaruli (okeaneebi, zRvebi, tbebi, mdina-
reebi, yinuli polusebze). wyali Tavisi unikaluri TvisebebiT dedamiwaze sicocxles ganapirobebs. 
is ujredebisa da qsovilebis aucilebeli komponentia. amasTanave ujredebis umetesobas arseboba 
SeuZlia mxolod Txevad garemoSi, romlis ZiriTad komponents aseve wyali warmoadgens. magaliTad, 
ZuZumwovrebis organizmis Sinagani garemos – sisxlis plazmis, limfisa da qsoviluri siTxis 90%-ze 
mets wyali Seadgens. wylis udides rolze miuTiTebs Tundac is faqti, rom Tanamedrove Teoriebis 
Tanaxmad, dedamiwaze sicocxle pirvelad okeaneSi Caisaxa.

wylis molekulaSi atomebi isea orientirebuli, rom tolferda samkuTxedis formas mogva-
gonebs. samkuTxedis fuZeSi wyalbadis atomebia (ufro zustad – protonebia), wveroSi ki Jangbadia. 
protonebis ubanSi dadebiTi muxti Warbobs, Jangbadis ubanSi ki – uaryofiTi; anu wylis molekula 
dipols warmoadgens. aseTi aRnagobis gamo wylis erTi molekulis Jangbadis uaryofiTad damuxtu-
li atomi miizidavs meore molekulis wyalbadis dadebiTad damuxtul atoms anu wylis molekulebs 
Soris wyalbaduri bma myardeba (sur. 4.1). 

aRsaniSnavia, rom sxva nivTierebebisagan gansxvavebiT, myari mdgomareobidan TxevadSi gadasvlisas 
wylis simkvrive izrdeba da 40C-ze maqsimaluria. amiT aris ganpirobebuli is garemoeba, rom bunebriv 
wyalsatevebSi zamTarSi temperaturis daqveiTebisas da wylis Txevadidan myar mdgomareobaSi gada-
svlisas yinuli wyalsatevis fskerze ki ar eSveba, aramed zedapirze rCeba. sawinaaRmdego SemTxvevaSi 
wyalSi mcxovrebi bevri organizmis arseboba SeuZlebeli iqneboda. 

wyali universalur gamxsnels warmoadgens. Tu wylisa da ama Tu im nivTierebis molekulebs 
Soris mizidulobis energia aRemateba wylis molekulebs Soris mizidulobis energias, maSin es ni-
vTiereba wyalSi ixsneba. ganarCeven wyalSi kargad xsnad e. w. hidrofilur (berZn. hydor – wyali da 
phileo – miyvars) da wyalSi uxsnad, an cudad xsnad, anu hidrofobur (berZn. hydor – wyali da phobos 
– SiSi) nivTierebebs. 

hidrofiluria ionuri naerTebi (ionebis Semcveli), polaruli jgufebis mqone nivTierebebi 
(magaliTad, Saqrebi). xsnarSi molekulebi da ionebi ufro Tavisuflad moZraobs da maTi reaqtiu-
loba izrdeba. amitomaa, rom ujredSi qimiuri reaqciebis umetesoba wyalxsnarebSi mimdinareobs.

hidrofoburia arapolaruli nivTierebebi, magaliTad, lipidebi. lipidebis molekulebi 
wylisagan ganizideba da wylian garemoSi erTmaneTisaken miizideba. hidrofoburi urTierTobani 
mniSvnelovan rols TamaSobs biologiuri membranebis formirebasa da cilis mesameuli struqtu-
ris gansazRvraSi.

wyali bevri reaqciis monawilecaa. magaliTad, cilebis, naxSirwylebisa da sxva nivTierebebis 
fermentuli daSlis reaqciebSi wyali uSualod monawileobs. aseT reaqciebs hidrolizis (berZn. 
hydor – wyali, lysis – daSla) reaqciebi ewodeba. 

wyali monawileobs fotosinTezis procesSi. 
wyali xels uwyobs ujredebis moculobisa da drekadobis SenarCunebas. uzrunvelyofs mcena-

reTa Teslebis gaRivebas.
wyali bevri organizmis saarsebo garemos warmoadgens. zogier-

Ti mcenarisa da cxovelis sqesobrivi gamravlebisas ganayofiereba 
mxolod wylian garemoSia SesaZlebeli. wyali uzrunvelyofs mcena-
reTa Teslebis, gametebisa da wyalSi mcxovrebi, gadaadgilebis unars 
moklebuli zogierTi cxovelis larvuli stadiebis gavrcelebas. 

wyals maRali siTbotevadoba axasiaTebs. amis gamo wylian gare-
moSi sagrZnobladaa Semcirebuli temperaturis meryeoba. amitomaa, 
rom saarsebo garemoSi temperaturis mkveTri meryeoba cocxal orga-
nizmebSi SedarebiT naklebad aisaxeba, rac Tavis mxriv uzrunvelyofs 
ujredSi mimdinare bioqimiuri procesebis stabilurobas. 

cocxali organizmisaTvis didi mniSvneloba aqvs im faqtsac, 
rom wylis aorTqlebisas ixarjeba didi raodenobiT energia. amitoma-
caa, rom transpiracia anu foTlebis mier wylis aorTqleba ara marto 
mcenareSi nivTierebaTa aRmaval nakads ganapirobebs, aramed icavs ki-
devac mcenares mzis sxivebiT gadaxurebisagan. anda, oflis gamoyofa 
da misi sxeulis zedapiridan aorTqleba icavs ZuZumwovrebs gadaxu-
rebisagan. im cxovelebSi ki, romlebsac saofle jirkvlebi cudad aqvT ganviTarebuli, gaxSirebuli 
qoSinis Sedegad piris Rrudan da enidan xdeba wylis aorTqleba da am gziT sxeulis temperaturis 
regulacia.

sur. 4.1. wylis molekulis 
sqema
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4.2.2. mineraluri marilebi
cnobilia, rom wyalxsnarebSi mravali nivTiereba disocirdeba dadebiTad damuxtul kaTio-

nebad da uaryofiTad damuxtul anionebad. aseT nivTierebebs eleqtrolitebi ewodeba, magali-
Tad, sufris marili (NaCl) disocirdeba Na+ da Cl- ionebad. 

araorganuli, anu mineraluri marilebis didi nawili ujredebSi anionebisa da kaTionebis sa-
xiTaa warmodgenili. kaTionebidan mniSvnelovania K+, Na+, Ca2+, Mg2+, anionebidan ki _ H2PO4

-, Cl-, 
HCO3

-. 
kaTionebisa da anionebis Semcveloba ujredsa da ujredis saarsebo garemos Soris gansxvave-

bulia. K+-is koncentracia ujredSi Zalze maRalia, Na+-sa – dabali, ujredis garemomcvel areSi ki 
piriqiT – Na+-is koncentracia maRalia, xolo K+-sa dabali. magaliTad, kunTovan ujredebSi kaliu-
mis ionebis Semcveloba 30-jer metia, vidre sisxlSi, xolo natriumis Semcveloba 10-jer naklebia. 
ionebis koncentraciaTa aseTi gansxvavebuloba SenarCunebulia ujredis sicocxlis ganmavlobaSi.

mineraluri marilebi ganapirobebs citoplazmis buferul Tvisebebs. buferuloba ewodeba 
ujredis unars garkveul doneze SeinarCunos wyalbadis ionebis koncentracia (pH).

Tu xsnarSi wyalbad–ionebis (H+) da hidroqsil–ionebis (OH-) koncentraciebi tolia, maSin xsnaris 
reaqcia neitraluria, wyalbad-ionebis koncentraciis matebisas izrdeba xsnaris mJavianoba, hidro-
qsil–ionebis koncentraciis matebisas ki – tutianoba. am mdgomareobaTa aRsaniSnavad gamoiyeneba e. 
w. wyalbaduri maCvenebeli (pH) – wyalbadis ionebis koncentraciis uaryofiTi aTobiTi logariT-
mi. neitraluri reaqciis SemTxvevaSi pH=7, mJavianobis SemTxvevaSi pH Svidze naklebia da rac ufro 
maRalia wyalbad ionebis koncentracia, miT ufro dabalia pH. Tu xsnaris reaqcia tutea, maSin pH 
Svidze maRalia.

cocxali organizmebi uxsnad mineralur marilebsac Seicavs. magaliTad, kalciumis fosfati 
Sedis xerxemlianebis Zvlovani qsovilis, moluskebis niJarebis ujredSorisi nivTierebis Semadgen-
lobaSi da am warmonaqmnebis simtkices ganapirobebs.

4.2.3. naxSirwylebi
naxSirwylebi organuli naerTebia, romlis molekulis Semadgenlo-

baSi naxSirbadi, wyalbadi da Jangbadi Sedis. amasTanave naxSirwylebis mo-
lekulaSi wyalbadisa da Jangbadis Tanafardoba iseTivea, rogoric wylis 
molekulaSi (swored aqedan warmosdgeba maTi saxelwodeba – naxSirwyali) 
naxSirwylebis raodenoba cxoveluri ujredis mSrali wonis 2-5%-s Sead-
gens, mcenareul ujredebSi (gansakuTrebiT nayofebsa da TeslebSi) ki 90%-
ze metsac ki aRwevs. 

naxSirwylebi or jgufad – monosaqaridebad da polisaqaridebadaa 
dayofili. 

monosaqaridebs martiv Saqrebsac uwodeben. isini kristaluri, wyalSi 
xsnadi, tkbili gemos mqone nivTierebebia. maTi zogadi formulaa Cn(H2O)n.  
monosaqaridebSi naxSirbadis atomebis raodenobis mixedviT ganarCeven 
triozebs, tetrozebs, pentozebs, heqsozebs da heptozebs. 

triozebidan cocxal sistemebSi mniSvnelovania glicerini, (sur. 4.2) rZemJava da pi-
royurZnis mJava. isini, rogorc Sualeduri produqtebi garkveul rols TamaSobs glikolizisa da 
fotosinTezis sibnelis fazis reaqciebSi.

tetrozebidan aRsaniSnavia eriTroza (sur. 4.2), romelic fotosinTezis erT-erTi Sualedu-
ri produqtia. 

pentozebidan aRsaniSnavia riboza da dezoqsiriboza (sur. 4.3). roboza Sedis ribonukleinis 
mJavasa (rnm) da adenozintrifosformJavas (atf), dezoqsiriboza ki _ dezoqsiribonukleinis mJa-
vasa (dnm) SemadgenlobaSi. pentozebs miekuTvneba ribulozac, romelic fotosinTezis procesSi 
monawileobs.

heqsozebidan farTodaa gavrcelebuli glukoza, fruqtoza da galaqtoza (sur. 4.4). glukoza 
gvxvdeba rogorc mcenareul, aseve cxovelur ujredebSi. glukoza ujredSi energiis universalur 

wyaros warmoadgens. fruqtoza didi raodenobiTaa 
xilSi, TaflSi, Saqris WarxalSi. galaqtoza Sedis 
rZis Saqris – laqtozas SemadgenlobaSi.

disaqaridebi da polisaqaridebi ori da 
meti monosaqarilis SeerTebis Sedegad warmoqmni-
li naerTebia. monosaqaridis ori molekulis Seer-
Tebis Sedegad gamoiyofa wylis erTi molekula da 
warmoiqmneba disaqaridi. disaqaridebia: saqaroza, 
laqtoza, maltoza. disaqaridebis zogadi for-
mulaa C12H22O11. saqaroza yvelaze gavrcelebuli 

sur.4.2. glicerinisa da 
eriTrozas struqtu-
ruli formulebi

 	 riboza	 dezoqsiriboza
sur. 4.3. pentozebis struqturuli formulebi
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disaqaridia, Sedgeba glukozisa da fruqtozis molekulebi-
sagan. is wyalSi advilad ixsneba da cxovelebisa da adamianis 
mniSvnelovan sakvebs warmoadgens. laqtoza, anu rZis Saqari 
glukozisa da galaqtozis TiTo molekulas Seicavs. is Zu-
Zumwovari cxovelebis naSierebis energiis ZiriTadi wyaroa. 
maltoza glukozis ori molekulisagan Sedgeba. is polisaqa-
ridebis saxameblisa da glikogenis ZiriTadi struqturuli 
elementia. 

polisaqaridebi monosaqariDdebis didi raodenobis da-
kavSirebis Sedegad warmoqmnili naerTebia. monomerebis rao-
denobis zrdasTan erTad polisaqaridebis wyalSi xsnadoba 
qveiTdeba; bevri maTgani wyalSi saerTod ar ixsneba; qreba 
tkbili gemoc. polisaqaridebia: saxamebeli, glikogeni, 
ujredisi (celuloza), qitini, mureini. saxamebeli da glikogeni sarezervo, xolo celuloza, qi-
tini da mureini struqturuli naxSirwylebia.

saxameblisa da glikogenis molekulebi datotvili polimerebia (sur. 4.5). saxamebeli mcena-
reebis samarago polisaqaridia. is didi raodenobiTaa kartofilis tuberebSi, mcenareTa nayofebsa 
da TeslebSi.

glikogens Seicavs cxovelebis da sokoebis ujredebi. is didi raodenobiT grovdeba RviZlis, 
kunTebisa da gulis ujredebSi. sisxlSi glukozis raodenobis Semcirebisas glikogeni monomere-
bamde iSleba da sisxls glukoziT amaragebs. glikogeni glukozis daaxloebiT 30000 naSTisagan Sed-
geba. 

ujredisi (celuloza) mcenareebis kedlis SedgenilobaSi Semavali ZiriTadi struqturuli 
polisaqaridia. celulozas molekulebi saxameblisagan gansxvavebiT datotvili ar aris. biosfe-
roSi arsebuli naxSirbadis daaxloebiT naxevari celulozaSia akumulirebuli. 

qitini da mureini azotis Semcveli poli-
saqaridebia. is fexsaxsrianebisa da zogierTi sxva 
uxerxemlo cxovelis garegani ConCxisa da sokoebisa 
da baqteriebis ujredebis kedlis ZiriTadi kompo-
nentia.

cocxal organizmebSi gvxvdeba naxSirwylebisa 
da cilebis kompleqsebi – e. w. glikoproteinebi da 
naxSirwylebisa da lipidebis kompleqsebi – gliko-
lipidebi. glikoproteinebi cilebia, romlebTanac 
kovalenturi bmiT dakavSirebulia naxSirwylebi – 
an monosaqaridebi, anda oligosaqaridebi. cxovel-
Ta ujredebis plazmuri membranis gareTa zedapir-
ze arsebuli cilebis umetesoba glikoproteinebia. 
swored isini qmnis cxoveluri ujredis glikoka-
liqss.

naxSirwylebs udidesi mniSvneloba aqvs cocxa-
li organizmebisaTvis. mwvane mcenareebi da zo-
gierTi mikroorganizmi mzis energiis gamoyenebiT 
naxSirorJangidan da wylidan saxamebelsa da sxva 
naxSirwylebs asinTezeben. es nivTierebebi warmo-
adgens energiisa da naxSirbadis ZiriTad wyaros 
heterotrofuli organizmebisaTvis. cxovelebis 
saWmlis momnelebel sistemaSi di- da polisaqari-
debi monosaqaridebamde iSleba. wvrili nawlavebis 
epiTeluri ujredebis mier xdeba monosaqaridebis 
Sewova da, amasTanave galaqtozisa da fruqtozis 
nawilis glukozad gardaqmna. saWmlis momnelebeli 
sistemidan sisxlSi moxvedrili monosaqaridebis 
Warbi raodenoba RviZlSi glikogenad gardaiqmneba 
da RviZlsa da kunTebSi maragis saxiT grovdeba. mcenareebSi naxSirwylebi saxameblis saxiT marag-
deba.

amrigad, naxSirwylebis ZiriTadi funqciebia:
•	 energetikuli funqcia. naxSirwylebi organizmebis energiis ZiriTadi wyaroa.
•	 struqturuli funqcia. yvela organosa da qsovilebis ujredebi Seicavs naxSirwylebs, 

glukoza	         fruqtoza       galaqtoza

sur. 4.4 heqsozebis struqturuli 
formulebi

sur. 4.5 glikogenis molekula datotvili polim-
eria.
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isini ujredebis garsis Semadgeneli nawilebia.
•	 sakvebi nivTierebebis maragis funqcia. naxSirwylebi mcenareul ujredebSi saxameblis 

saxiT, cxovelebSi ki – glikogenis saxiT maragdeba da moTxovnilebis Sesabamisad ixarje-
ba.

•	 damcvelobiTi funqcia. sxvadasxva jirkvlis mier gamoyofili lorwo didi raodenobiT 
Seicavs naxSirwylebsa da glikoproteinebs. lorwo Sinagani organoebis (saylapavi milis, 
kuWis, nawlavebis, bronqebis) kedlebs meqanikuri dazianebisagan da daavadebis gamomwvevi 
baqteriebisa da virusebisagan icavs.

4.2.4. lipidebi
lipidebi, anu cximebi da cximismagvari nivTierebebi hidrofoburi organuli naerTebia, 

romelTa ujredebidan gamoyofa organuli gamxsnelebis – eTeris, benzolis, qloroformis meSve-
obiTaa SesaZlebeli. cocxal bunebaSi lipidebi farTod aris gavrcelebuli. isini ujredebsa da 
mTlianad organizmSi mniSvnelovan rols TamaSobs. ujredebis umetesobaSi lipidebis Semcveloba 
mSrali wonis 5-15%-ia; cximebiT gansakuTrebiT mdidaria zogierTi mcenaris – mzesumziras, araqi-
sis, kaklis, Txilisa da sxv. nayofebi da Teslebi. ZuZumwovar cxovelebSi cximi Tavmoyrilia kanqveS 
da badeqonSi. cxovelebis cximovani ujredebi savsea cximis wveTebiT, romelTa raodenoba ujredis 
mSrali wonis TiTqmis 90%-ia.

lipidebidan yvelaze gavrcelebulia cximebi anu trigliceridebi, romlebic samatomiani 
spirtis – glicerinisa da maRalmolekuluri cximovani mJavebis rTul naerTebs warmoadgens 

(sur. 4.6). cximovani mJavebi or – najer da ujer 
jgufad iyofa. najer mJavebs miekuTvneba palmiti-
nisa (C15H31COOH) da stearinis (C17H35COOH) mJavebi, 
ujers ki – oleinis mJava (C17H33COOH). cximis Tvise-
bebi imazea damokidebuli, Tu romeli cximovani mJa-
va monawileobs mis SenebaSi. mcenareuli cximebi anu 
zeTebi mdidaria ujeri cximovani mJavebiT da amitom 
oTaxis temperaturaze zeTebi Txevadia. cxoveluri 
cximebi ki najer mJavebs Seicavs da oTaxis tempera-
turaze myaria.

cximebis formulidan kargad Cans, rom erTi 
mxriv Seicavs wyalSi xsnad samatomian spirts gli-
cerins, meore mxriv ki, cxomovani mJavebis naSTebs, 
romelTa naxSirwyalbadovani jaWvebi wyalSi uxsna-
dia. cximis wylis zedapirze dawveTebisas wylisaken 
mimarTul pozicias glicerini ikavebs, wylis zeda-
piridan ki cximovani mJavebis jaWvebia ,,amoSverili”. 

biologiurad gansakuTrebiT mniSvnelovania cximismagvari nivTierebebi _ fosfolipidebi. 
isini, cximebisagan gansxvavebiT fosformJavas naSTsac Seicavs. fosfolipidebi biologiuri mem-
branebis ZiriTadi komponentia.

ujredis cxovelqmedebisaTvis mniSvnelovania agreTve glikolipidebi, romlebic 
naxSirwylebisa da lipidebis naerTia, da lipoproteinebi _ cilebisa da lipidebis naerTi. 

cximismagvari nivTierebebidan aRsaniSnavia cvili, romelic warmoadgens grZeljaWvia-
ni cximovani mJavebisa da grZeljaWviani spirtebis rTul naerTs. cvilis Txeli feniTaa dafaru-
li ZuZumwovrebis balani, frinvelebis bumbuli, rac am warmonaqmnebs elastiurobas aniWebs da 
wyliT dasvelebisgan icavs. cvilisagan aris agebuli futkrebis fiWac. cximismagvar nivTierebebs 
miekuTvneba steroidebic. steroidebia: Tirkmelzeda jirkvlebis hormonebi, qalisa da mamaka-
cis sasqeso hormonebi, cxoveluri ujredebis membranebis mniSvnelovani komponentia qoleste-
rini. 

lipidebis funqciebi mravalferovania: 
•	 lipidebi, kerZod, fosfolipidebi da glikolipidebi monawileobs yvela organizmis 

ujredebis membranebis SenebaSi.
•	 organizmisaTvis saWiro energiis 25-30%-s lipidebi uzrunvelyofs. cximebis sruli da-

Slisas 2-jer meti energia gamoiyofa, vidre naxSirwylebisa da cilebis daSlisas. 
•	 cximebi Taviseburi ,,energetikul depos” warmoadgens. cximi maragad SeiZleba wveTebis sa-

xiT ujredSi dagrovdes, an kanqveSa qsovilisa da badeqonis cximovani ujredebis TiTqmis 
mTeli moculoba daikavos. 

•	 cximebi sxvadasxva cxovelis TermoregulaciaSi monawileobs da bevr organos meqanikuri 
dartymebisagan icavs. cximebi siTbos cudad atarebs. arqtikasa da antarqtikaSi mcxovreb 

sur. 4. 6.   	trigliceridebis struqturuli 
formula. 
R1, R2 da R3 – cximovani mJavebis radikalebi. es 
radikalebi SeiZleba erTsa da imave, anda gansx-
vavebul cximovan mJavebs miekuTvnebodes. 
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ZuZumwovrebsa da frinvelebs (TeTr daTvebs, pingvinebs), agreTve wyalSi mcxovreb Zu-
Zumwovrebs (lomveSapebs, selapebs, veSapebs) kanqveSa cximovani qsovilis sqeli fena aqvT, 
rac maT gadacivebisagan icavs. cximis fena naz organoebs dartymebisagan icavs. magali-
Tad, Tirkmelebi garemoculia cximovani kapsuliT, xolo Tvalis garSemo cximovani bali-
Sia lokalizebuli.

•	 cximebi e. w. endogenuri wylis maragia. 100g cximis sruli daJangvis Sedegad 107 ml wya-
li gamoiyofa. aseTi wyliT sazrdoobs udabnos bevri cxoveli. magaliTad, aqlemebs kuzSi 
cximis didi maragi aqvT.

4.2.5. cilebi 
cilebi anu proteinebi (berZn. protos – pirveli, mTavari) biopolimeriebia, romelTa monome-

rebs aminomJavebi warmoadgens. cilebi ujredis nedli wonis 10-20 %-s, mSrali wonisa ki 50-80%-s 
Seadgens. terminiT ,,proteini” xazgasmulia is garemoeba, rom sasicocxlo procesebSi cilebs umni-
Svnelovanesi adgili uWiravs. 

cocxali organizmebis ujredebSi mravali aminomJavaa aRmoCenili, magram cilebis umeteso-
bis SemadgenlobaSi mxolod 20 saxis aminomJava monawileobs (cxr. 4.3) yoveli aminomJava Seicavs 
aminojgufs (-NH2) da karboqsilis jgufs (-COOH), aminomJavis danarCen nawils radikali ewodeba 
(sur. 4.7). aminomJavebi erTmaneTisagan radikalebis aRnagobiT gansxvavdeba (sur. 4.8). 

ocidan rva aminomJavas – valinis, izoleicinis, leicinis, lizinis, meTioninis, treoninis, 
triftofanis da fenilalaninis sinTezi zrdasruli janmrTeli adamianis organizmSi ar xdeba; ami-
tom maTi sakvebTan erTad miReba aucilebelia. maT Seucvleli aminomJavebi ewodeba. bavSvebisaTvis 
Seucvlel aminomJavebs arginini da histidinic miekuTvneba. 

cxrili 4.3
cilebis SemadgenlobaSi Semavali aminomJavebi 

aminomJava aminomJava

alanini (ala) leicini (lei)

arginini (arg) lizini (liz)

asparagini (asn) meTionini (meT)

asparaginis mJava (asp) prolini (pro)

glicini (gli) serini (ser)

glutamini (gln) treonini (tre)

glutaminis mJava (glu) triftofani (tri)

valini (val) fenilalanini (fen)

tirozini (tir) cisteini (cis)

izoleicini(ilei) histidini (his)

cilis mikromolekulaSi aminomJavebi erTmaneTTan e. w. peptiduri bmebiT aris dakavSirebuli. 
peptiduri bma warmoiqmneba erTi aminomJavas karboqsilis jgufis meore aminomJavas aminojgufTan 
dakavSirebis Sedegad. am dros wylis erTi moleku-
la gamoiyofa. ori aminomJavas dakavSirebis Sedegad 
warmoiqmnil naerTs dipeptidi (sur. 4.9), ewodeba, 
samis – tripeptidi, mravali aminomJavis dakavSire-
bis Sedegad warmoqmnil naerTs ki _ polipeptidi. 

polipeptidi cilad iwodeba, Tu masSi ami-
nomJavaTa naSTebis raodenoba asze metia. cilebis 
umetesoba 300-500 aminomJavas naSTs Seicavs, arse-
bobs ufro msxvili cilebic, romlebic 1500-ze meti 
aminomJavisagan aris warmoqmnili. sxvadasxva cilaSi 
sxvadasxva saxis aminomJavebis raodenoba gansxvave-
bulia. magaliTad, ferment ribonukleazaSi 19 sa-
xis aminomJavaa warmodgenili, insulinSi – 18, xolo 
rZis kazeini, kvercxis albumini da kunTebis miozini 
ocive saxis aminomJavas Seicavs.

cilebi erTmaneTisagan gansxvavdeba ara marto sur. 4.7. aminomJavebis zogadi formula
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aminomJavuri SedgenilobiT da aminomJavaTa saerTo 
raodenobiT, aramed cilis molekulaSi aminomJavaTa 
TanamimdevrobiTac. amitomaa, rom gansxvavebuli ci-
lebis raodenoba astronomiul ricxvebs utoldeba.

cnobilia, rom TiToeuli aminomJavas 
zoma daaxloebiT 0,35 nm-ia. aqedan gamomdina-
re, mravali aminomJavas Semcveli cila grZel 
Zafs unda warmoadgendes. sinamdvileSi ki zo-

gierT cilas 5-7 nm diametris mqone burTulis for-
ma aqvs, zogierTs ki – boWkosi. es miuTiTebs, rom 
cilis makromolekulaSi polipeptiduri jaWvebi 
garkveuli saxiT aris daxveuli.

dadgenilia, rom cilis makromolekulas 
axasiaTebs struqturuli organizaciis ramdeni-
me done (sur. 4.10). yvelaze martivia pirveladi 
struqtura – polipeptiduri jaWvi, polipeptidur 
jaWvSi aminomJavebi erTmaneTTan peptiduri, anu 
mtkice kovalenturi bmebiT aris dakavSirebuli. 

cilebis organizaciis Semdgomi donea – meo-
reuli struqtura. am SemTxvevaSi polipeptidu-
ri jaWvi zigzagis formisaa, an spiralurad aris 
daxveuli. meoreul struqturas ganapirobebs 
wyalbaduri bmebi, romlebic warmoqmnilia zigza-
gis an spiralis erT doneze arsebuli aminomJavas – 
COOH da mezobel doneze arsebul aminomJavas - NH2 
jgufebs Soris. miuxedavad imisa, rom wyalbaduri 
bmebi sakmaod susti bmebia, maTi didi raodenoba 
uzrunvelyofs meoreuli struqturis simtkices.

Semdgom kvlav xdeba polipeptiduri jaWvis 
daxveva da warmoiqmneba burTulis an boWkos formis 
molekula. am konfiguracias mesameuli struqtu-
ra ewodeba. mesameul struqturas ganamtkicebs 
hidrofoburi bmebi, romlebic wylian garemoSi 
aminomJavaTa hidrofobur radikalebs Soris war-
moiqmneba. hidrofoburi bmebi wyalbadurze ufro 
susti bmebia. mesameuli struqturis simtkices ga-

serini treonini histidini fenilalanini lizini

	 sur. 4.8. zogierTi aminomJavas struqturuli formula.

sur. 4.9. peptiduri bmis warmoqmnis sqema

sur. 4.10. cilis pirveladi (1), meoreuli (2), mesa-
meuli (3) da meoTxeuli (4) struqturebis sqema

aminomJavebi
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napirobebs eleqtrostatikuri kavSirebi, romle-
bic warmoiqmneba aminomJavaTa eleqtrodadebiT 
da eleqtrouaryofiT radikalebs Soris, da kova-
lenturi disulfiduri S-S bmebi, romlebic war-
moiqmneba gogirdSemcvel aminomJavebs Soris. 

mesameuli struqturis mqone cilis ramdenime 
molekulis dakavSirebis Sedegad warmoiqmneba me-
oTxeuli struqtura. magaliTad, eriTrocitebSi 
arsebuli cila – hemoglobini Sedgeba oTxi makro-
molekulisagan, romlebic dakavSirebulia rkinis 
Semcvel hemTan (sur. 4.11). hemoglobinis mxolod ase-
Ti struqtura uzrunvelyofs Jangbadis gadatanas.

sxvadasxva faqtoris (magaliTad, gacxele-
ba, mJavebiT, tuteebiT, mZime metalebis marilebiT, 
organuli gamxsnelebiT zemoqmedeba, maionizebeli 
radiacia) gavleniT cilebis meoTxeuli, mesameuli 
da meoreuli struqturebis rRvevas denaturacia 
ewodeba. denaturaciis sapirispiro procesia re-
naturacia, rodesac madenaturirebeli faqtoris 
moxsnis Semdeg cila sawyis struqturas aRidgens. 
aRsaniSnavia, rom cilebis umetesobis denaturacia Seuqcevadi procesia.

rTuli agebulebisa da mravalferovani funqciebis gamo sakmaod gaZnelebulia cilebis er-
Tiani da srulyofili klasifikacia.

struqturuli organizaciis mixedviT ganarCeven boWkovan anu fibrilarul, globularul 
da Sualeduri struqturis cilebs. fibrilaruli cilebi erTmaneTTan dakavSirebuli meoreuli 
struqturis mqone ramdenime polipeptiduri jaWvisagan Sedgeba. isini meqanikurad mdgradi, uxsnadi 
cilebia da ujredSi struqturul funqcias asrulebs. aseTebia, magaliTad, kolageni da keratini.

globularulia ZiriTadad mesameuli struqturis mqone xsnadi cilebi. isini fermentebs, an-
tisxeulebs, hormonebs da sxva mniSvnelovani funqciis mqone cilebs warmoadgens. 

Sualeduria fibrilaruli, magram xsnadi cilebi. magaliTad, xsnadi cila fibrinogeni sisxlis 
Sededebisas uxsnad fibrinad gardaiqmneba.

Sedgenilobis mixedviT ganarCeven martivsa da rTul cilebs. martivi cilebi mxolod ami-
nomJavebisagan, rTuli ki globularuli polipeptiduri jaWvebisagan da aracilovani masalisagan, 
e. w. prosTeturi jgufisagan Sedgeba. rTuli cilebia fosfoproteinebi (rZis kazeini, kvercxis 
yviTris vitelini), glikoproteinebi (membranebisa da nerwyvis komponentebia), nukleoproteinebi 
(qromosomebi da ribosomebi), qromoproteinebi (hemoglobini), lipoproteinebi (membranebis kompo-
nentebia) da sxv.

cilebi mravalferovan funqciebs asrulebs:
a) katalizuri funqcia. ujredebSi mimdinare mravalricxovani qimiuri reaqciebis swrafad 

ganxorcielebas biokatalizatorebi _ fermentebi (laTY. fermentum - kveTi, dvrita) anu enzimebi 
uzrunvelyofs. TiTqmis yvela fermenti cilaa (magram yvela cila fermenti ar aris). fermentebis 
umetesobis dasaxeleba bolovdeba sufiqsiT – aza. magaliTad, lipaza cximebis daSlaSi monawile 
fermentia, amilaza – saxameblisa da glikogenis daSlaSi monawileobs da sxv. 

fermentebi yvela ujredSi gvxvdeba da cocxal organizmSi mimdinare TiTqmis yvela bioqimiu-
ri reaqciis katalizatoria. cnobilia fermentebis monawileobiT mimdinare 4000-ze meti reaqcia. 
reagents, romlis reaqciaSi monawileobasac fermenti aCqarebs (akatalizebs) substrati, miRebul 
nivTierebas ki produqti ewodeba.

cilovani fermentebis sinTezi ujredebis citoplazmaSi arsebul ribosomebze mimdinareobs. 
sinTezirebuli polipeptiduri jaWvi garkveuli saxiT ixveva da miiReba unikaluri Tvisebebis mesa-
meuli struqturis mqone burTula (globula) (sur. 4.12). fermentis specifiurobasa da katalizur 
aqtivobas ganapirobebs misi molekulis specifiuri ubani e.w. aqtiuri centri.

katalizuri funqciis gansaxorcieleblad fermenti substrats unda daukavSirdes. amisaTvis 
fermenti iseT konfiguracias iZens, rom globulis zedapirze Cndeba xvreli an CaRrmaveba, sadac 
mas substrati ukavSirdeba. Cveulebriv, fermentTan substratis dakavSirebis ubans fermentis 
aqtiuri centri warmoadgens, an es ubani aqtiuri centris siaxlovesaa lokalizebuli.

fermentis yovel molekulas wamSi ramdenime aTasidan ramdenime milionamde “operaciis” 
ganxorcieleba SeuZlia. magaliTad, fermenti renini xbos saWmlis momnelebeli sistemis lorwovan 
garsSia lokalizebuli. misi erTi molekula 370C temperatiraze 10 wuTis ganmavlobaSi rZis kazei-
nogenis milionamde molekulas axaWovebs.

sur. 4.11. hemoglobinis 4 suberTeulisagan Semd-
gari makromolekulis modeli
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fermentebs Sesabamisi substratis mimarT 
mkveTrad gamoxatuli specifiuroba axasiaTebs. am 
TvisebiT isini aracilovani katalizatorebisagan 
gamoirCeva. magaliTad, fermenti atf-aza mxolod 
atf-s daSlas akatalizebs, xolo fermenti fosfo-
rilazas kinaza mxolod fosforilazas fosfori-
lirebas ganapirobebs.

jer kidev mecxramete saukunis bolos germa-
nelma qimikosma emil fiSerma (1852-1919) ivarauda, 
rom fermentis specifiurobas fermentis substrat-
Tan dakavSirebis ubnisa da substratis formebis 
zusti Sesabamisoba ganapirobebs da SemogvTavaza 
modeli, romelsac “gasaRebisa da klitis” mode-
li ewoda (sur. 4.13). am modelis Tanaxmad fermenti 
ukavSirdeba substrats da xanmokle droiT war-
moiqmneba kompleqsi fermenti-substrati.

meoce saukunis ormocdaTian wlebSi ameri-
keli mecnieris daniel koSlandis (1920-2007) mier 
SemuSavebuli iqna modelis “gasaRebi-klite”  modi-
fikacia. mas inducirebuli Sesabamisobis modeli 
(sxvanairad – modeli “xeli-xelTaTmani”) ewoda. 
fermentebi ZiriTadad xist molekulebs ki ar war-

moadgenen, aramed moqnili molekulebia; amitom substratTan dakavSirebis Semdeg aqtiuri centris 
konfiguracia SeiZleba ise Seicvalos, rom SesaZlebeli gaxdes katalizuri funqciis ganxorciele-
ba. zogierT SemTxvevaSi fermentis aqtiur centrTan dakavSirebis Semdeg substratis molekulac 
icvlis konfiguracias (sur. 4.14).

fermentebis nawili katalizur funqcias damatebiTi komponentis mierTebis gareSe axorcie-
lebs. arsebobs iseTi fermentebic, romlebsac katalizuri funqciis gansaxorcieleblad esaWiro-
eba aracilovani bunebis komponentebi, e.w. kofaqtorebi. kofaqtori SeiZleba iyos rogorc araor-
ganuli molekula (magaliTad, metalebis ionebi), aseve organuli naerTi (magaliTad, hemi). organul 
kofaqtors, romelic mtkiced aris dakavSirebuli fermentTan prosTeturi jgufi ewodeba. im ko-
ferments ki, romelsac fermentisagan gancalkeveba SeuZlia kofermenti anu koenzimi ewodeba.

fermentebi iseT reaqciebs, romelTa mimdinareoba energiis xarjvas moiTxovs, anu endergo-
nul reaqciebs energiiT ver uzrunvelyofs. magram fermentebs SeuZlia aseTi tipis reaqciebi Se-
auRlon reaqciebTan, romlebic energiis gamoyofiT mimdinareobs, anu ekzergonul reaqciebTan. 
magaliTad, biopolimerebis sinTezis reaqciebi xSirad atf-s hidrolizis reaqciis Tanaobisas 
mimdinareobs.

sur. 4.12. fermentis - naxSirJangis anhidrazas 
modeli.
nacrisferi burTula fermentis aqtiur ubanSi 
lokalizebuli kofaqtoria (TuTiis molekula).

sur. 4.13.	 modelis “gasaRebi-klite” moqmedebis sqema.
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 b) struqturuli funqcia. ujredis ConCxs struqturuli cilebi warmoqmnis. isini ujre-
debisa da organoidebis formas gansazRvravs. struqturul rols asrulebs cilebi keratini da 
kolageni. kolageni SemaerTebeli qsovilis (myesebis, xrtilis da a.S.) ujredSorisi nivTierebis Zi-
riTadi komponentia, xolo metad mdgradi cila keratinisagan Sedgeba ZuZumwovrebis Tmebi, frCxi-
lebi, frinvelebis bumbuli, zogierTi moluskis niJara. 

g) moZraobiTi (motoruli) funqcia. cilebis garkveuli klasi uzrunvelyofs: organizmis 
moZraobas (magaliTad, aqtini da miozini kunTebis SekumSvas), garemosa da organizmSi ujredebis 
gadaadgilebas (magaliTad, umartivesebisa da leikocitebis ameboiduri moZraobas da a.S.), wamwame-
bisa da Soltebis moZraobas, ujredSi organoidebisa da molekulebis gadaadgilebas ganapirobebs. 

d) satransporto funqcia. cilebi organizmSi sxvadasxva nivTierebis gadatanaSi monawi-
leobs. satransporto cilebis kargi magaliTia hemoglobini, romelsac sisxlis wiTeli ujrede-
bi – eriTrocitebi Seicavs. sisxlis filtvebSi gavlisas hemoglobini CasunTqul haerSi arsebul 
Jangbads ikavSirebs da sxvadasxva qsovilisa da organoebisaken gadaaqvs, xolo qsovilebSi naxSi-
roJangiT itvirTeba da filtvebisaken gadaaqvs. RviZlidan sxva organoebSi lipidebis gadatanas 
axorcielebs plazmuri cilebi – lipoproteinebi.

ujredebis plazmur membranaSi, citoplazmasa da birTvSi sxvadasxva saxis satransporto ci-
lebia, romlebsac garkveuli nivTierebebis (magaliTad, glukozis, aminomJavebis, hormonebis) ga-
mocnoba, dakavSireba da daniSnulebis adgilze gadatana SeuZlia. 

e) samarago (sarezervo) funqcia. garkveuli cilebi ujredSi maragis saxiT grovdeba da sa-
Wiroebis SemTxvevaSi energiis wyarod gamoiyeneba. samarago rols TamaSobs frinvelebis kvercxis 
albumini, rZeSi arsebuli cila kazeini. ujredSi maragad dagrovili zogierTi cila ki gamoiyeneba 
rogorc aminomJavebis wyaro, romlebic Tavis mxriv biologiurad aqtiuri nivTierebebis sinTezi-
saTvisaa saWiro. 

v) damcvelobiTi funqcia moicavs fizikur, qimiur, imunur dacvas. fizikur dacvas, struqtu-
rul funqciasTan erTad, kolageni da keratini ganapirobebs. damcvelobiT cilebs fibrinogenebi 
da Trombinebic miekuTvneba, isini sisxlis Sededebis procesSi monawileobs.

qimiuri dacva cilovani molekulebiT toqsinebis (Sxamiani nivTierebebis) SeboWvasa da gauvne-
belyofaSi mdgomareobs, am mxriv gansakuTrebiT mniSvnelovania RviZlis fermentebi, romlebic 
Sxamebis daSlaSi monawileobs. 

imunuri dacvas sisxlSi da sxva biologiur siTxeebSi arsebuli cilebi axorcielebs. maT ga-
nekuTvneba antisxeulebi – imunoglobulinebi. isini specializebuli cilebia, romlebic limfo-
citebSi sinTezdeba, organizmisTvis ucxo nivTierebebs – antigenebs ukavSirdeba da amiT maT ganei-
tralebas iwvevs. ase xdeba baqteriebis, virusebisa da ucxo cilebis neitralizacia. adamianisa da 
cxovelebis ujredebSi sinTezirdeba specialuri virusebis sawinaaRmdego cilebi – interfero-
nebi. interferoni mxolod virusis dnm-is ujredSi moxvedris Semdeg warmoiqmneba. interferoni 
ujredSi virusebis nukleinis mJavebis damSlel da virusis cilebis sinTezis mablokirebel fer-
mentebs aaqtiurebs. 

z) maregulirebeli funqcia. cxovelebisa da mcenareebis specialuri ujredebi fiziolo-
giuri procesebis maregulirebel nivTierebebs – hormonebs gamoimuSavebs. hormonebi areguli-
rebs sisxlSi sxvadasxva nivTierebis koncentracias, ujredebis gamravlebas, zrdas da mraval sxva 
process. hormonebis didi nawili cilovani agebulebis nivTierebebia. aseTebia: zrdis hormoni, 
adrenokortikopuli hormoni, Tireotropuli hormoni, insulini da sxv. 

sur. 4.14.	 inducirebuli Sesabamisobis modelis moqmedebis sqema.
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T) sasignalo funqcia. bevri cila sasignalo nivTierebis rols asrulebs. isini ujredebs, 
qsovilebsa da organizmebs Soris signalebis gadacemas axorcielebs. ujredebs Soris sasignalo 
cilebs miekuTvneba citokinebi. sasignalo funqcias hormonebic asrulebs, amitom xSirad sasigna-
lo funqcias maregulirebel funqciasTan aerTianeben.

i) receptoruli funqcia. cilovani agebulebis receptorebi lokalizebulia rogorc 
ujredis citoplazmaSi, aseve CaSenebulia plazmur membranaSi. receptoruli molekula aRiqvams 
sxvadasxva signals – qimiur nivTierebas, sinaTles, meqanikur zemoqmedebas, temperaturis cvli-
lebas da a.S., rac ujredis, an organizmis Sesabamis reaqcias iwvevs. receptoruli cilebis es unari 
cocxali organizmebis erT-erTi ZiriTadi Tvisebis – gaRizianebadobis safuZvelia. 

k) energetikuli funqcia. cilebis sruli daSlis Sedegad energia gamoiyofa, romlis nawi-
li ujredSi mimdinare cxovelmoqmedebis procesebs xmardeba, nawili ki garemoSi siTbos saxiT ga-
mosxivdeba. 

4.2.6. nukleinis mJavebi
nukleinis mJavebi maRalmolekuluri organuli naerTebia, romlebic memkvidruli (genetiku-

ri) informaciis Senaxvasa da Taobidan TaobaSi gadacemas uzrunvelyofs. nukleinis mJavebi 1869 
wels aRmoaCina Sveicarielma bioqimikosma fridrix miSerma (1844-1895). mas miaCnda, rom am nivTie-
rebebs mxolod ujredis birTvi Seicavs. am mizezis gamo maT nukleinis (laT. nucleus – birTvi) mJa-
vebi ewoda.

bunebaSi arsebobs ori tipis nukleinis mJava, romlebic erTmaneTisagan agebulebiTa da 
funqciebiT gansxvavdeba. erTi maTgani Seicavs pentozas dezoqsiribozas da dezoqsiribonuklei-
nis mJava (dnm) ewodeba, meore ki – ribozas da ribonukleinis mJava (rnm) ewodeba.

dezoqsiribonukleinis mJava (dnm) uzarmazari molekuluri masis biopolimeria, romelic 
Sedgeba SedarebiT martivi, magram mainc sakmaod rTuli struqturis mqone monomerebisagan, rom-
lebsac nukleotidebi ewodeba. nukleotidi Sedgeba azotovani fuZis, dezoqsirobozisa da fo-
sformJavas naSTisagan. dnm-s makromolekulaSi warmodgenili azotovani fuZeebi purinisa da pi-
rimidinis warmoebulia. purinis fuZeebidan dnm-Si warmodgenilia adenini da guanini, pirimidinis 
fuZeebidan ki – citozini da Timini (sur. 4.15).

dnm-s molekulaSi warmodgenilia oTxi saxis nukleotidi. isini erTmaneTisagan azotovani 
fuZeebiT gansxvavdeba. erTni adenins Seicavs, meoreni – guanins, mesameni – citozins da meoTxeni – 
Timins.

amerikelma bioqimikosma ervin Cargafma (1905-2002) daadgina kanonzomiereba, rom dnm-s yovel 
molekulaSi adeninis raodenoba Timinis tolia, guaninisa ki – citozinis tolia.

gasuli saukunis ormoacdaaTian wlebSi amerikelma bioqimikosma jeims uotsonma (daib. 1928) 
da ingliselma bioqimikosma frensis krikma (1916-2004) gaSifres dnm-s struqtura da daadgines, 
rom dnm-s molekula Sedgeba erTmaneTis garSemo spiralurad daxveuli ori polinukleotiduri 
jaWvisagan (sur. 4.16). amasTanave yovel jaWvSi pentoza (dezoqsiriboza) da fosformJavas naSTi 
jaWvis periferiazea lokalizebuli, azotovani fuZeebi ki – SuaSi. azotovani fuZeebi isea ganlage-
buli, rom erT jaWvSi arsebuli adeninis pirdapir yovelTvis aris meore jaWvis Timini da piriqiT, 
erT jaWvSi Timinis pirdapir yovelTvis aris adenini. igive iTqmis guaninisa da citozinis Sesaxeb: 
erT jaWvSi arsebuli guaninis pirdapir citozinia lokalizebuli da piriqiT. mopirdapire azoto-
van fuZeebs Soris wyalbaduri bmebia warmoqmnili. adenini da Timini erTmaneTTan dakavSirebulia 
ori wyalbaduri bmiT, guanini da citozini ki – sami bmiT. amrigad, adenini Timinis komplementuria 
(damatebaa), guanini ki _ citozinis.

dnm-s ormagi spiralis diametri 1,7 nm-ia, nukleitidebs Soris manZili ki 0,34 nm. polinukleo-
tidur jaWvSi nukleotidebi erTmaneTTan dakavSirebulia kovalenturi bmebiT, romelic warmoqm-

პურინის წარმოებულები პირიმიდინის წარმოებულები
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	 sur. 4.15. nukleinis mJavebis SemadgenlobaSi Semavali azotovani fuZeebi
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nilia erTi nukleotidis dezoqsiribozasa da momdevno nukleo-
tidis fosformJavas naSTs Soris. amasTanave polinukleotidur 
jaWvSi nukleotidebis Tanamimdevroba nebismieri SeiZleba iyos. 
magram, Tu viciT azotovani fuZeebis Tanamimdevroba dnm-s erT 
jaWvSi, maSin komplementarobis principis Sesabamisad cnobili 
xdeba azotovani fuZeebis Tanamimdevroba meore jaWvSic. magali-
Tad, Tu erT jaWvSi nukleotidebis Tanamimdevrobaa a-a-g-c-c-T, 
maSin meore jaWvSi nukleotidebis Tanamimdevroba iqneba T-T-c-g-
g-a. 

dnm-s gaormageba (replikacia). Taobidan TaobaSi genetiku-
ri masalis gadacema uzrunvelyofilia dnm-s gaormagebis proce-
siT, romlis Sedegad dnm-s erTi dediseuli molekulisagan ori 

Svileuli molekula warmoiqmne-
ba, romlebic ar gansxvavdeba arc 
dediseuli molekulisagan, arc 
erTmaneTisagan. dnm-s replikaci-
is procesi fermentebis monawi-
leobiT mimdinareobs. erT-erTi 
mniSvnelovania dnm–polimera-
zebi, isini dnm-s erTi bolodan 
meore bolosaken gadaadgildeba 
da xleCs azotovan fuZeebs So-
ris arsebul wyalbadur bmebs. 
amavdroulad TiToeul jaWvTan 
nukleoplazmaSi arsebuli Tavi-
sufali nukleotidebisagan xdeba 
axali JaWvis awyoba. es procesi 
komplementurobis Sesabamisad 
mimdinareobs. amasTanave axlad 
sinTezirebuli jaWvis nukleo-
tidebs Soris myardeba kovalen-
turi bma, xolo Zveli da axlad 
sinTezirebuli jaWvebis azoto-
vani fuZeebi erTmaneTs wyalba-
duri bmebiT ukavSirdeba. dnm-s 
replikaciis procesSi dnm-poli-
merzebTan erTad bevri sxva fer-
mentic monawileobs. magaliTad, 
fermenti dnm-ligaza dnm-s or 
jaWvs Soris bmis warmoqmnis kata-
lizatoria.

dnm-s molekulis jaWvebs gansazRvruli orientacia aqvs. jaWvis erT boloSi hidroqsilis 
jgufia (-OH), romelic dezoqsiribozas mesame (3’) naxSirbadTan aris dakavSirebuli, meore boloSi 
ki dezoqsiribozas mexuTe (5’) naxSirbadTan dakavSirebuli fosformJavas naSTia. dnm-s molekulis 
komplementuri jaWvebi urTierTsawinaaRmdego mimarTulebiT – antiparalelurad aris ganlage-
buli. kerZod, erTi jaWvis dezoqsiribozas mesame naxSirbadTan dakavSirebuli hidroqsilis jgu-
fis mopirdapired meore jaWvis dezoqsiribozas mexuTe naxSirbadTan dakavSirebuli fosformJa-
vas naSTia.

replikaciis procesSi dnm-polimerazas gadaadgileba jaWvis mxolod 3’ bolodan 5’ bolosken 
mimarTulebiT SeuZlia. amitom axali jaWvebis sinTezi antiparalelurad mimdinareobs.

rogorc ukve iyo aRniSnuli, replikaciisas dnm-s axali jaWvebis sinTezisaTvis aucilebe-
lia dediseul molekulaSi ormagi spiralis despiralizacia. es procesi dnm-s ramdenime ubanSi 
erTdroulad iwyeba. aseT ubans replikoni ewodeba. yovel replikonSi e.w. sareplikacio orkapia 
(“Cangalia”). es dnm-s molekulis is nawilia, romelic ukve despiralizebulia. sareplikacio ‘Can-
galSi” dediseuli molekulis yoveli jaWvi axali komplementuri jaWvis sinTezisaTvis matricis 
rols asrulebs. 

amrigad, replikaciis Sedegad warmoiqmneba dnm-s ori molekula, romlebic erTmaneTis asle-
bia, amasTanave orive molekulaSi erTi jaWvi sawyisi molekulisaa, meore ki axlad sinTezirebulia 
(sur. 4.17).

sur. 4.16. dnm-s ormagi spiralis 
monakveTis modeli

sur. 4.17. dnm-s replikaciis sqema.
naCvenebia mxolod erTi 
replikoni

 dediseuli  axali axali   dediseuli
jaWvebi    

dediseuli jaWvebi
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ribonukleinis mJava (rnm) polimeria da mis monome-
rebs, dnm-s msgavsad, nukleotidebi warmoadgens. rnm-Sic 
oTxi saxis nukleotidia warmodgenili. oTxive Sedgeba 
azotovani fuZis, pentozisa da fosformJavas naSTisa-
gan, sami azotovani fuZe iseTivea, rogoric dnm-Si. ese-
nia adenini, guanini da citozini, xolo meoTxe azotovani 
fuZea uracili (sur. 4.15). rnm-s nukleotidebi imiTac 
gansxvavdeba dnm-s nukleotidebisagan, rom dezoqsiribo-
zas nacvlad Seicavs ribozas. 

rnm erTi polinukleotiduri jaWvisagan Sedgeba, 
romelSic nukleotidebi erTmaneTTan isevea dakavSire-
buli, rogorc dnm-s erT jaWvSi, anu erTi nukleotidis 
naxSirwyalsa (ribozas) da mezobeli nukleotidis fo-
sformJavas naSTs Soris damyarebulia kovalenturi bma 
(sur. 4.18).

amrigad, dnm-sa da rnm-s Soris sami ZiriTadi gansxva-
vebaa:
1.	dnm Seicavs pentozas – dezoqsiribozas, rnm ki – ribo-
zas.
2.	dnm-Si adeninis komplementarulia Timini, rnm-Si ki – 
uracili, anu rnm-Si Timinis nacvlad warmodgenilia ura-

cili.
3.	 dnm-s molekula erTmaneTis garSemo spiralurad daxveuli ori polinukleotiduri 

jaWvisagan Sedgeba, rnm-s molekula ki erTi polinukleotiduri jaWvisagan Sedgeba da 
dnm-s molekulaze bevrad moklea.

funqciebis mixedviT ganasxvaveben rnm-s ramdenime saxes. esenia:
satransporto rnm (t-rnm). misi molekulebi mxolod 80-100 nukleotidisagan Sedgeba. t-rnm-

s ZiriTadad ujredebis citoplazma Seicavs. misi daniSnulebaa aminomJavebis cilis sinTezis ad-
gilisaken – ribosomebisaken gadatana, yoveli saxis aminomJavas sakuTari t-rnm Seesabameba. t-rnm 
erTi polipeptiduri jaWvisagan Sedgeba, magram polipeptiduri jaWvis calkeul ubnebs Soris kom-
plementarobis principis Sesabamisad wyalbaduri bmebi myardeba da molekulas samyuras foTlis 
forma aqvs. 

ribosomuli rnm-is (r-rnm) molekula ramdenime aTas nukleotids Seicavs da ribosomebis 
mniSvnelovan nawils warmoadgens, ujredSi rnm-s saerTo raodenobis daaxloebiT 90% ribosomul 
rnm-ze modis. 

sainformacio (i-rnm) anu matricul (m-rnm) rnm-s Seicavs rogorc birTvi, aseve citoplazma. 
misi funqciaa dnm-dan cilis sinTezis adgilisaken informaciis gadatana. 

sxvadasxva saxis rnm-s funqciebi ufro dawvrilebiT cilis biosinTezis procesis ganxilvisas 
aris aRwerili. 

4.2.7. adenozintrifosformJava 
adenozintrifosformJava (atf) energiiT mdidari nukleotidia. is Sedgeba azotovani fuZis 

adeninisagan, naxSirwylis – ribozisa da fosformJavas sami naSTisagan (sur. 4.19). 
atf miekuTvneba e.w. makroergul naerTebs, 

anu nivTierebebs, romlebic Seicaven iseT bmebs, ro-
melTa hidrolizis Sedegad energiis mniSvnelovani 
raodenoba Tavisufldeba. atf-s hidrolizis Sede-
gad fosformJavas erTi molekulis moxleCas Tan 
axlavs adenozindifosformJavas (adf) warmoqmna 
da energiis didi raodenobiT gamoyofa. hidroli-
zis Sedegad adf adenozinmonofosformJavad (amf) 
da fosformJavad iSleba da am drosac didi raode-
nobiT energia gamoiyofa. 

atf + H2O   adf + H3PO4 + energia
adf H2O   amf + H3PO4 + energia

gamoTavisuflebuli energia ujredebSi cxo-
velqmedebis procesebis ganxorcielebas xmardeba, 
energiis nawili ki siTbos saxiT gamosxivdeba.

sur. 4.18. rnm-s jaWvis monakveTi

sur. 4.19. adenozintrifosformJavas formula. 
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cocxal organizmebSi atf adf-dan da fosforis mJavadan sinTezirdeba da amisaTvis gamoiye-
neba nivTierebaTa daJangvis Sedegad gamoyofili energia. (es sakiTxi ufro detalurad aris ganxi-
luli momdevno paragrafebSi).

adf + H3PO4 + energia  atf + H2O

cocxal organizmebSi atf yvelaze xSirad ganaxlebadi naerTia. ujredebSi gamudmebiT mimdi-
nareobs atf-s hidrolizi da adf-sa da fosfatidan misi xelaxali sinTezi. adamianis organizmSi 
atf-s erTi molekulis “sicocxlis” xangrZlivoba daaxloebiT erTi wuTia. dRe-Ramis ganmavlobaSi 
atf-s erTi molekula hidrolizisa da resinTezis saSualod 2000 – 3000 cikls gadis.

4.3. ujredis morfologiuri organizacia

4.3.1. prokariotuli da eukariotuli ujredebi 
dedamiwaze arsebuli ujredovani agebulebis organizmebi zogierTi sistematikosis mier 

dayofilia sam zesamefod: arqebaqteriebad, eubaqteriebad da eukariotebad. arqebaqteriebis 
zesamefos simartivisaTvis arqeebi ewodeba, eubaqteriebis zesamefos ki – baqteriebi. baqteriebs 
miekuTvneba lurj-mwvane wyalmcenareebic (cianobaqteriebi).(damatebiT ix 3.3).

arqebaqteriebi (arqeebi) da eubaqteriebi (baqteriebi) prokariotuli (birTvamdeli) orga-
nizmebia. 

prokariotuli (laT. pro - adre da berZn. karyon – birTvi), anu birTvamdeli organizmebis 
ujredebi moklebulia Camoyalibebul birTvsa da membranuli Senebis organoidebs (gamonaklisia, 
magaliTad, fotosinTezis unaris mqone cianobaqteriebi), prokariotebSi ZiriTad genetikur masa-
las wriuli dnm e. w. nukleoidi Seicavs. 

eukariotebi (berZn. eu – mTliani, kargi, karyon – birTvi) organizmebia, romlebic Camoyali-
bebuli birTvis mqone, anu eukariotuli ujredebisagan Sedgeba. eukariotul ujredebSi birTvi 
citoplazmisagan birTvis garsiT aris gamijnuli, genetikuri masalas dnm-s ramdenime molekula 
Seicavs. organizmTa umetesobaSi dnm cilebTan – histonebTan qmnis kompleqss, romelsac qroma-
tini ewodeba. eukariotul ujredebSi kargad aris ganviTarebuli Sidamembranuli sistema, romlis 
meSveobiT warmoqmnilia organoidebi – endoplazmuri bade, goljis kompleqsi, lizosomebi da a.S. 

eukariotebs miekuTvneba: cxovelebi, sokoebi, mcenareebi da protoqtistebi.
bevri mecnieri eukariotuli ujredebis organoidebs – mitoqondriebsa da plastidebs pro-

kariotuli ujredebis STamomavlebad miiCnevs (ix. Tavi 2 .gv.12;  paragrafi 4.3.11).

4.3.2. ujreduli membranebi
nebismier ujreds gars akravs Txeli apki anu membrana; garda amisa, yvela eukariotul ujreds 

da prokariotuli ujredebis nawils axasiaTebs Sidaujreduli membranebis rTuli sistema. ujre-
duli membranebi rTulad organizebuli struqturebia, romlebic mravalferovan funqciebs asru-
lebs. 

ujredis gare membrana, anu plazmuri membrana, anu plazmalema ujreds garemosagan mijnavs, 
igi icavs ujreds da misi SigTavsis SedarebiT mudmivobas ganapirobebs. 

Sidaujreduli membranebi monawileobs ujredebis sxvadasxva organoidis SenebaSi. maTi meSve-
obiT ujredi dayofilia calkeul saknebad anu kompartmentebad da TiToeul kompartmentSi spe-
cifiuri procesebi mimdinareobs. MmagaliTad, qloroplastebis granebis membranebze mimdinareobs 
fotosinTezis sinaTlis fazis reaqciebi; mitoqondriebis membranebze ki – JangviTi fosforilire-
bis procesebi da a.S.

agebulebisa da Sedgenilobis mixedviT sxvadasxva tipis ujredebisa da ujredis sxvadasxva 
organoidis membranebs bevri ram aqvT saerTo. kerZod, membranebis umetesobis sisqe 5-10 nm-ia; maT 
SenebaSi monawileobs ZiriTadad lipidebi da cilebi; membranebi warmoadgens SerCeviTad gamtar ba-
rierebs; membranebis fragmentebs gaaCnia gaerTianebisa da buStukebis warmoqmnis unari.

saerTo niSan-Tvisebebis miuxedavad, ujreduli membranebi sagrZnobladac gansxvavdeba erT-
maneTisagan. membranis specifiurobas, upirveles yovlisa, ganapirobebs mis SemadgenlobaSi Sema-
vali cilebi da lipidebi; es nivTierebebi ki, rogorc cnobilia, uaRresad heterogenulia. garda 
amisa, zogierTi membranis SenebaSi oligosaqaridebic monawileobs.
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4.3.3. plazmuri membranis agebuleba da qimiuri Sedgeniliba
eleqtronuli mikroskopis gamoyenebamde ver iqna mopovebuli damajerebeli faqtebi imis Se-

saxeb, rom nebismieri ujredi plazmuri membraniTaa SemosazRvruli. amis ZiriTadi mizezi isaa, rom 
sinaTlis mikroskopis garCevis zRvari daaxloebiT 0,25 mkm-ia, plazmuri membranis sisqe ki 10 nm-s 
iSviaTad aRemateba, umetes SemTxvevebSi ki 10 nm-ze naklebia. amitomac sinaTlis mikroskopSi cxo-
veluri ujredebis plazmuri membrana ar Cans. 

XIX da XX saukuneTa mijnaze cnobili iyo, rom sxvadasxva xsnarSi moTavsebisas, imisda mi-
xedviT, Tu rogoria xsnaris osmolaroba, ujredebi an ijirjveba anda iWmuxneba; es ki imas niSnavs, 
rom ujredebi SemosazRvrulia membraniT, romelsac SerCeviTi gamtareblobis unari gaaCnia. zogi 
nivTiereba TiTqmis daubrkoleblad gadis plazmur membranaSi, zogis difuzia Zalze nela mimdina-
reobs, zog nivTierebas ki membranis gadalaxva ar SeuZlia. mecnierebma daadgines, agreTve, rom or-
ganuli gamxsnelebi (eTeri, qloroformi, spirti da a.S.) ujredSi ufro swrafad Sedis, vidre wyali. 
es imaze miuTiTebda, rom ujredis gare membrana unda Seicavdes lipidebis fenas. Semdgom isic iva-
raudes, rom membranis SenebaSi cilebic unda monawileobdes.

dReisaTvis aRiarebulia ujreduli membranebis, maT Soris, plazmuri membranis Senebis e. w. 
,,Txevad – mozaikuri” modeli. am modelis Tanaxmad, membranis ZiriTad uwyvet nawils Seadgens li-
pidebis ormagi Sre. membranebis SenebaSi monawile lipidebi ori nawilisagan Sedgeba – polaruli 
,,Tavisa” da arapolaruli ,,kudisagan”, romelic cximovani mJavebis jaWvebiTaa warmodgenili. mem-
branebi ZiriTadad fosfolipidebisagan aris agebuli. ormag SreSi lipidebis molekulebis ,,kude-
bi” erTmaneTisaken aris mimarTuli, xolo polaruli Tavebi ki gare mxarezea, da hidrofilur ze-
dapirs warmoqmnis. lipidebis zedapirze cilebia lokalizebuli. zogierTi maTgani ,,Tavisuflad 
dacuravs lipidebis tbaSi”, zogierTi cila nawilobrivaa CaZiruli lipidebis SreSi, zogierTi ki 
mTlianad ganWolavs lipidebis ormag Sres (sur. 4.20).

lipidebis SreSi CaZiruli cilebis umetesoba fermentebia. isini iseTi TanamimdevrobiTaa 
ganlagebuli, romelic uzrunvelyofs qimiur reaqciaTa jaWvis saboloo produqtis formirebas, 
anu TiTqosda arsebobs fermentebis konveieri. amasTanave lipidebis zedapirze lokalizebuli 
(,,mocurave”) cilebi xels uSlis fermentebis Tanamimdevruli ganlagebis Secvlas. 

cilebi, romlebic ganWolavs lipidebis bimolekulur Sres wriulad aris dajgufebuli da 
warmoqmnis forebs, romelTa meSveobiTac zogierTi nivTiereba membranis erTi mxaridan meore mxa-
reze gadadis.

baqteriebis, sokoebisa da mcenareebis ujredebis plazmuri membrana dafarulia polisaqari-
debisagan agebuli mkvrivi garsiT, romelsac ujredis kedeli ewodeba. arqeebis ujredis kedeli 
ZiriTadad fsevdomureinisagan Sedgeba, baqteriebisa – mureinisagan, sokoebisa – qitinisagan, mce-
nareebisa ki –celulozasagan. cxovelur ujredebs kedeli ara aqvs. maTi plazmuri membranis gare 

sur. 4.20. plazmuri membranis modeli
1 – glikolipidi, 2 _ oligosaqaridis jaWvebi, 
3 – fosfolipidi, 4 – cilebi, 5 _ qolesterini
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zedapirze polisaqaridebisa da cilebis mier warmoqmnili mxolod Txeli fena – glikokaliqsia. 
rogorc ukve aRvniSneT, biologiuri membranebis, maT Soris plazmuri membranis damaxasiaTe-

bel Tvisebas SerCeviTi gamtarebloba warmoadgens. zogi nivTiereba advilad gadis lipidebis or-
mag SreSi, zogis transporti gaZnelebulia, zogisa ki – TiTqmis SeuZlebelia.

	 ganarCeven nivTierebaTa transmembranuli transportis pasiursa da aqtiur saxes. pasiur 
transports miekuTvneba martivi difuzia da gaadvilebuli difuzia.

	 pasiuri transporti energiis xarjvas ar moiTxovs. damuxtuli molekulebisa da ionebis 
transmembranuli pasiuri transporti damokidebulia plazmalemis eleqtrul potencialze. mem-
branis Siga, citoplazmisaken mimarTuli zedapiri upiratesad uaryofiTad aris damuxtuli, rac 
xels uwyobs membranaSi dadebiTad damuxtuli nawilakebis transports.

	 martivi difuzia warmoadgens membranaSi nivTierebaTa maRali koncentraciidan dabali kon-
centraciisaken mimarTul transports. martivi difuziis gziT membranaSi arapolaruli (O2, ste-
roidebi, farisebri jirkvlis hormonebi, cximovani mJavebi, cximSi xsnadi nivTierebani), mcire zo-
mis polaruli (CO2, NH3, H2O, eTanoli, Sardovana) molekulebi da ionebi gadaadgildeba. martivi 
difuzia manamde mimdinareobs, sanam membranis orive mxares nivTierebaTa koncentracia ar gaTana-
brdeba.

	 gaadvilebuli difuzia membranebSi nivTierebaTa gadatanis ufro gavrcelebuli xerxia. am 
procesSi specifiuri gadamtani cilebi monawileobs. maT miekuTvneba, magaliTad, translokazebi 
da permiazebi. es fermentebi aqtiur centrTan ikavSireben gadasatan nivTierebas da membranis erTi 
mxaridan meore mxares gadaaqvT. gaadvilebuli difuziis meore saxea, rodesac gadasatani nivTiere-
bis mierTebis Semdeg icvleba gadamtani cilis konformacia da amis gamo membranaSi ixsneba specia-
luri hidrofiluri arxi, romelSic advilad gadis aRniSnuli nivTiereba. gaadvilebuli difuziis 
gziT xvdeba ujredSi, magaliTad, glicerini da glukoza.

	 aqtiuri transporti nivTierebis koncentraciis gradients sawinaaRmdego mimarTulebiT 
(anu dabali koncentraciidan maRali koncentraciisaken) xorcieldeba da am procesSi e.w. gadam-
tani cilebi da ionuri tumboebi monawileobs. aqtiuri transporti atf-s energiis gamoyenebiT 
mimdinareobs.

tipuri ionuri tumbos magaliTia Na+/K+-tumbo. is plazmur membranaSia lokalizebuli da 
energiis gamoyenebiT uzrunvelyofs natriumisa da kaliumis ionebis transports koncentraciis 
gradientis sawinaaRmdego mimarTulebiT.  Na+/K+-tumbo fermentia, romelsac Na+-K+-atf-aza ewo-
deba da romelic ganWolavs plazmur membranas. ujredSi am fermentis aqtiur centrs ukavSirdeba 
Na+-is 3 ioni, am SemTxvevaSi fermenti aqtivdeba da iwvevs atf-s adf-ad da fosfatad daSlas. fo-
sfati ukavSirdeba ferments da cvlis mis konformacas – xdeba ionuri arxis membranis Sida mxridan 
daxurva da gare mxares gaxsna. Na+-is ionebi scildeba ferments da amavdroulad fermentis meore 
aqtiur centrs K+-is 2 ioni ukavSirdeba, rac kvlav iwvevs fermentis konformaciis cvlilebas, mas 
scildeba fosfati da ixsneba  kaliumis ujredSi gadasaadgilebeli arxi. amrigad ujredidan ga-
moitaneba Na+-is 3 ioni da Seitaneba K+-is 2 ioni. es 
iwvevs e.w. transmembranuli eleqtroqimiuri poten-
cialis warmoqmnas.

osmosi SerCeviTad gamtari membraniT ga-
mijnuli sxvadasxva koncentraciis xsnarebs Soris 
gamxsnelis (biologiur sistembSi wyalia universa-
luri gamxsneli da amitom xSirad terminis “gamxsne-
li” magivrad vixmarT sityvas wyali) molekulebis 
maRali koncentraciis xsnaridan dabali koncentra-
ciis xsnarisaken difuziis process warmoadgens. ma-
galiTad, Tu membraniT erTmaneTisagan gamijnulia 
raime nivTierebis anda ionebis xsnari da distilire-
buli wyali (sufTa gamxsneli), anu xsnarSi nivTiere-
bis molekulebis anda ionebis arsebobis gamo wylis 
koncentracia ufro dabalia, vidre distilirebul 
wyalSi, maSin wylis molekulebi xsnarSi gadasvlas 
iwyebs (sur. 4. 21), rac xsnaris moculobis zrdas da 
sufTa gamxsnelis (distilirebuli wyali) moculo-
bis Semcirebas iwvevs.

osmosi iseT areSi aRiniSneba, sadac gamxsnelis 
membranaSi ganvladoba bevrad aRemateba xsnarSi arse-
buli nawilakebis ganvladobas. gamxsnelis membranaSi 
gadaadgileba osmosuri wneviT aris ganpirobebuli.

sur. 4.21.	 SerCeviTad gamtar membranaSi osmosis 
sqema. gamxsnelis molekulebs (lurji burTulebi) 
SeuZlia membranis gadalaxva, xolo gaxsnili niv-
Tierebis molekulebs (wiTeli burTulebi) – ara. 
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osmosuri wneva warmoadgens im 
Zalas, romelic garkveuli koncen-
traciis xsnarisa da ufro ganzavebu-
li xsnaris (anda garkveuli koncen-
traciis xsnarisa da sufTa gamxsnelis) 
gamyof SerCeviTad ganvlad membra-
naze moqmedebs da ganzavebuli xsna-
ridan (sufTa gaamxsnelidan) koncen-
trirebuli xsnarisaken gamxsnelis 
difuzias SeuZlebels xdis.

Tu gvaqvs gansxvavebuli kon-
centraciis ori A da B xsnari da A –s 
osmosuri wneva B-s wnevas aRemateba, 
maSin A xsnars B-s mimarT hipertonu-
li xsnari ewodeba, xolo B xsnars A-s 
mimarT – hipotonuri. Tu sxvadasxva 

xsnarebis osmosuri wneva erTmaneTis tolia, maSin isini erTmaneTis mimarT izotonurni arian.
ama Tu im xsnaris osmosuri wnevis sidide ZiriTadad damokidebulia masSi gaxsnili nivTiere-

bebisa da ionebis raodenobaze. rac ufro maRalia maTi koncentracia, miT ufro maRalia osmosuri 
wneva.

adamianisa da sxva 
xerxemlianebis ujredSiga 
(intraceluluri) da ujred-
gare (eqstraceluluri) 
siTxeebi erTmaneTis mimarT 
izotonuria. maT mimarT izo-
tonuria sufris marilis 
0,9%-iani xsnaric, romelsac 
fiziologiuri xsnari ewo-
deba.

rogorc ukve iyo aRni-
Snuli ujredebis (maT Soris 
sisxlis wiTeli ujredebis 
– eriTrocitebis) plazmuri 
membranebi SerCeviTad gamta-
ria. isini Tavisuflad ata-
rebs orive mimarTulebiT 

(ujredebidan ujredgare sivrceSi da piriqiT) wylis molekulebs, sxvadasxva nivTierebaTa gata-
reba ki Seferxebulia. eriTrocitebis hipertonul xsnarSi (magaliTad, sufris marilis 0,9%-ianze 
ufro koncentrirebul xsnarSi) moTavsebisas ujredebsa da xsnars Soris osmosuri wnevis gasaTana-
breblad wyali eriTrocitebidan xsnarSi gadadis, rac eriTrocitebis SeWmuxvnas iwvevs. eroTro-
citebis hipotonur xsnarSi moTavsebisas ki wyali xsnaridan eriTrocitebSi aRwevs, isini  ijirjve-
ba da skdeba; amis Sedegad sxnari gamWvirvale wiTeli ferisa xdeba (sur. 4.22).

amitomaa, rom sxvadasxva daavadebis samkurnalo wamlebi sisxlZarRvovan sistemaSi saineqciod 
sufris marilis izotonur xsnarSi unda gaixsnas. winaaRmdeg SemTxvevaSi imisda mixedviT, Tu rogo-
ri koncentraciis xsnarSia gaxsnili wamali, sisxlis ujredebi an SeiWmuxneba, anda gajirjvdeba da 
daskdeba. orive SemTxvevaSi Sedegi savalaloa.

mcenareuli ujredebis hipertonul xsnarSi moTavsebis SemTxvevaSi ujredi kargavs wyals, 
rac iwvevs plazmuri membranis xisti ujredis kedlidan atkeCas da ujredis SeWmuxvnas. am movle-
nas plazmolizi ewodeba (sur. 4.23). hipotonur xsnarSi moTavsebuli mcenareuli ujredi ki wyals 
iTvisebs, romelic gadadis centralur vakuolSi. is wylis, ionebisa da cxovelqmedebis procesSi 
warmoqmnili narCeni produqtebis damaragebis adgilia. es iwvevs vakuolis moculobis zrdas, ci-
toplazma didi wneviT awveba ujredis garss da uzrunvelyofs ujredis turgoris SenarCunebas. 
turgori ujredSiga wnevaa, romelic ujredis garsis daWimvas iwvevs da mcenareTa sivrceSi mdeba-
reobas ganapirobebs (sur. 4.23).

ENendocitozi da egzocitozi. biopolimerebis msxvili molekulebisa da mkvrivi nawilakebis 
plazmur membranaSi transporti praqtikulad SeuZlebelia, Tumca isini ujredSi endocitozis 
gziT xvdeba. endocitozi ujredis mier membraniT SemosazRvruli vezikulebis (buStukebis) war-
moqmniT garemodan sxvadasxva nivTierebisa da mkvrivi nawilakebis mitacebis process warmoadgens. 

sur.  4.22.	eriTrocitebsa da sxvadasxva koncentraciis xsnarebs 
Soris arsebuli urTierTdamokidebulebis sqema.

sur. 4.23. 	mcenareul ujredsa da sxvadasxva koncentraciis xsnarebs So-
ris arsebuli urTierTdamokidebulebis sqema
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endocitozis saxesxvaobebia – fagocitozi da pinicito-
zi (sur. 4.24).

fagocitozi (berZn. phagos – vSTanTqav da kytos – 
ujredi) ujredis mier myari nawilakebis (eukariotebis 
ujredebis, baqteriebis, virusebis, mkvdari ujredebis 
fragmentebis da a.S.) STanTqmis procesia. fagocitozi i. 
meCnikovma6 aRmoaCina da aRwera.

fagocitozi gansakuTrebiT mniSvnelovan rols 
umartivesebisa da umdablesi uxerxemlo cxovelebis (ma-
galiTad, hidroiduli polipebis) sakvebis mopovebisa da 
ujredSida monelebis procesebSi TamaSobs. 

ganviTarebis maRal safexurze mdgomi cxovelebi-
saTvis (maT Soris – adamianisTvisac) fagocitozs damcve-
lobiTi funqcia akisria. sisxlisa da sxva qsovilebis spe-
cialuri ujredebi – fagocitebi aqtiurad STanTqavs da 
inelebs infeqciuri daavadebebis gamomwvev mikroorga-
nizmebsa da organizmSi arsebul mkvdar ujredebs. fago-
citebs miekuTvneba sisxlis neitrofilebi, monocitebi da qsoviluri makrofagebi. 

pinocitozi (berZn. pino – vsvam da kytos – ujredi) ujredis mier siTxisa da masSi Semavali 
nivTierebis, agreTve makromolekulebis STanTqmis procesia. 

pinocitozis dros ujredis plazmur membranaze warmoiqmneba wvrili wanazardebi, romlebic 
gars ertymis siTxis wveTs. plazmuri membranis es ubani Caizniqeba da ujredis citoplazmaSi bu-
Stukis saxiT gamoiyofa (sur. 4.24). pinocitozis Sedegad warmoqmnili buStukebs SeuZlia ujredSi 
gadaadgileba, erTmaneTTan da Sidaujredul membranul struqturebTan, magaliTad, lizoso-
mebTan Serwyma. 

pinocitozi gansakuTrebiT aqtiurad mimdinareobs amebebSi (fesvfexianebSi), nawlavis epiTe-
lur ujredebSi, sisxlZarRvebis kedlis ujredebSi _ endoTeliocitebSi. 

ujredebidan nivTierebaTa gamoyofa – egzocitozi endocitozis sapirispiro procesia. ma-
Ralmolekuluri nivTierebebi membraniT SemosazRvrul buStukebSi grovdeba, buStuki ujredis 
plazmuri membranisaken gadaadgildeba. buStukis membrana erwymis plazmalemas da warmoiqmneba 
xvreli, am xvrelis gavliT buStukSi arsebuli nivTiereba ujredgare sivrceSi gadadis, ris Semde-
gac buStuki aRidgens mTlianobas da kvlav ivseba ujredidan gamosayofi nivTierebebiT. 

egzocitozis saxeebia sekrecia da eqskrecia. eqskrecia warmoadgens ujredidan misTvis 
uvargisi nivTierebebis: metabolizmis saboloo produqtebis, toqsinebis, qsenobiotikebis gamoyo-
fis process (ix. sur. 4.29). 

sekrecia warmoadgens ujredebidan qimiuri nivTierebebis – sekretebis gamoyofis process. 
eqskreciisagan gansxvavebiT, sekreciis dros gamoyofili sekretebi biologiurad aqtiuri nivTie-
rebebia. aseTebia, magaliTad, saWmlis momnelebeli fermentebi, hormonebi da sxv. sekretebs sxva-
dasxva jirkvlis ujedebi gamoyofs. 

ujredTaSorisi kontaqtebi. mravalujrediani organizmebis qsovilebisa da organoebis 
ujredebs Soris arsebobs specialuri struqturebi, romelTac ujredTaSorisi kontaqtebi ewode-
ba. maTi agebuleba da funqciebi aRwerilia sxvadasxva tipis qsovilebis ganxilvisas. 

6	 ilia meCnikovi (1845-1916) ruseTsa da safrangeTSi moRvawe gamoCenili biologi (zoologi, embriologi, 
imunologi, fiziologi da paTologi). 1882 wels, odesis novorosiiskis universitetSi moRvaweobis period-
Si, aRmoaCina da aRwera fagocitozisa da ujredSiga monelebis movlena. mas dafniebis (kibosnairi cxovele-
bia) organizmSi Seyavda sokos sporebi da SeamCnia, rom sporebs STanTqavdnen gansakuTrebuli, moZraobis 
unaris mqone ujredebi, romelTac Semdgom fagocitebi uwoda. 1887 wels gadasaxlda parizSi da muSaoba 
daiwyo l. pasteris institutSi, sadac SeimuSava anTebis SedarebiTi paTologiisa da imunitetis fagoci-
turi Teoria. baqteriologiis dargSi mis mravalricxovan SromebSi ganxilulia infeqciuri daavadebebis 
(qoleris, muclis tifis, tuberkulozis) epidemiologiis sakiTxebi. i. meCnikovis SromebSi mniSvnelovani 
adgili aqvs daTmobili daberebis sakiTxebs. mas miaCnda, rom adamianis dabereba da sikvdili saerTod naa-
drevad xdeba. amis mizezia organizmis mikrobebiTa da sxva SxamebiT mowamvla. i. meCnikovs, fiziologiisa da 
medicinis dargSi didi damsaxurebisaTvis 1908 wels nobelis premia mieniWa.

sur. 4.24. fagocitozisa da pinocitozis 
gamartivebuli sqemebi
1 – baqteria, 2 – fagocitis plazmuri 
membrana, 3 – crufexebi, 4 – fagosoma, 5 – 
ujredgare siTxe, 6 – pinocitozis Sede-
gad warmoqmnili buStuki – endosoma.
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4.3.4. citoplazma
citoplazma ewodeba ujredis nawils, romelic ujredgare sivrcisagan gamijnulia plazmu-

ri membraniT, birTvisagan ki – birTvis garsiT. citoplazma Sedgeba Txevadi nawilisagan hialo-
plazmisagan, masSi lokalizebuli ujredis aucilebeli komponentebisagan anu organoidebisagan 
da aramudmivi struqturebisagan – CanarTebisagan. citoplazmis moculobis 90%-ze meti wyalia. 

cocxal ujredSi citoplazma gamudmebiT moZraobs da Tan gadaaqvs sxvadasxva nivTierebani 
da organoidebic. am moZraobas ciklozi ewodeba. citoplazmis umniSvnelovanesi roli ujredis 
yvela komponentis gaerTianebasa da maTi qimiuri urTierTmoqmedebis uzrunvelyofaSi mdgomare-
obs.

ujredSi arsebul siTxes hialoplazma, anu citoplazmis matriqsi, anu citozoli ewode-
ba. eukariotul ujredebSi hialoplazma organoidebis SigTavsisagan (magaliTad, mitoqondriebisa 
da qloroplastebis matriqsisagan) membranebiT aris gamijnuli. hialoplazma warmoadgens wyalSi 
gaxsnil nivTierebaTa narevs. 

ionebis koncentracia hialoplazmasa da ujredgare sivrceSi erTmaneTisagan gansxvavdeba 
(cxr. 4.4), es gansxvaveba metad mniSvnelovan rols TamaSobs osmoregulaciasa da signalebis gada-
cemaSi. 

cxrili 4.4. 
ionebis koncentracia ZuZumwovrebis hialoplazmasa da sisxlSi 

ioni
koncentracia ci-
tozolSi 
(mmoli)

koncentracia si-
sxlis plazmaSi 
(mmoli)

kaliumi (K+) 139 4

natriumi (Na+) 12 145

qloridi (Cl-) 4 116

bikarbonati (HCO3
-) 12 29

magniumi (Mg++) 0,8 1,5

kalciumi (Ca++) < 0,0002 1,8

citoConCxi ujredis ConCxia, romelic cocxali ujredis citoplazmaSia lokalizebuli. 
citoConCxi aqvs rogorc eukariotul, aseve prokariotul ujredebs. citoConCxi dinamiuri, mud-
mivad cvalebadi struqturaa, romlis ZiriTadi daniSnulebaa ujredis formis SenarCuneba da ga-
regani zemoqmedebisadmi adaptacia, garda amisa is uzrunvelyofs mTliani ujredis moZraobas da 
gayofas,

citoConCxi warmoqmnilia cilovani nivTierebebisagan agebuli mikrofilamentebisagan, Sua-
leduri filamentebisa da mikromilakebisagan.

uwvrilesi Zafebis _ mikrofilamentebis diametri daaxloebiT 7 nm-
ia, mikrofilamentebi Sedgeba cila aqtinis spiralurad daxveuli ori Zewkvi-
sagan. mikrofilamentebi monawileobs ujredis formis cvlilebaSi, ujredis 
substratTan mimagrebaSi, ameboidur (fsevdopodiebiT) moZraobaSi, mcena-
reuli ujredebSi ciklozis procesSi. 

Sualeduri filamentebi cilovani Zafisebri struqturebia. maTi 
diametri 9-11 nm-ia. am filamentebs Seicavs eukariotuli ujredis rogorc 
citoplazma, aseve birTvic. Sualeduri filamentebi uzrunvelyofs ujre-
debisa da maTi morCebis meqanikur simtkices, monawileobs ujredSorisi kon-
taqtebis _ desmosomebis formirebaSi. 

mikromilakebi Rruiani cilindris formis struqturebia da agebulia 
cilebis alfa da beta tubulinis dimerebisagan (sur. 4.25). mikromilakebis 
gare diametri daaxloebiT 25 nm-ia, Sida ki _ 15 nm. isini dinamiuri struqtu-
rebia da ujredSi mudmivad mimdinareobs tubulidan maTi awyobisa da daSlis, 
anu polimerizaciisa da depolimerizaciis procesebi. 

mikromilakebis ZiriTadi daniSnulebaa buStukebisa da mitoqondrebis 
ujredSi gadaadgileba. am procesSi mikromilakebi ,,liandagis” rols Tama-
Sobs. gadamtanebi ki specifiuri e. w. motoruli cilebia. 

mikromilakebi monawileobs wamwamebisa da Soltebis centraluri na-
wilis – aqsonemis SenebaSi. mikromilakisagan Sedgeba agreTve ujredis cen-
troilebi, mitozisa da meiozis procesSi mikromilakebisagan gayofis TiTi-
stara warmoiqmneba.

sur. 4.25 mikromila-
kis monakveTis sqema
1 – alfa tubulini, 
2 – beta tubulini, 
3 – dimeri.
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4.3.5. endoplazmuri bade
endoplazmuri bade, anu endoplazmuri retikulu-

mi (laT. reticulum – bade) eukariotuli ujredis organoi-
dia. is warmoadgens membraniT SemosazRvruli sivrceebis, 
buStukebisa da arxebis rTul sistemas (sur. 4.26). endo-
plazmuri bade aRmoCenili iqna 1945 wels eleqtronul 
mikroskopSi ujredis agebulebis Seswavlisas. ujredis 
yvela membranis farTobis 50%-ze meti endoplazmuri ba-
dis membranebs ukavia. 

endoplazmuri badis membranebi morfologiurad 
ujredis birTvis garsis membranebis identuria da misi 
siRrueebi dakavSirebulia birTvis garsis membranTaSoris 
sivrcesTan.

ganarCeven endoplazmuri badis or saxes: marcvlo-
vans anu granularuls da gluvs, anu agranularuls.
marcvlovani endoplazmuri badis membranebis gare zeda-
pirze ganlagebulia robosomebis didi raodenoba. 

gluvi anu agranularuli endoplazmuri bade metabolizmis procesebSi iRebs monawileobas. 
mas mniSvnelovani roli akisria naxSirwylebis damaragebasa da gardaqmnaSi, toqsinebis neitraliza-
ciasa da kalciumis ionebis maragad dagrovebaSi. gluvi endoplazmuri badis fermentebi monawile-
obs sxvadasxva saxis lipidebis, fospolipidebis, cximovani mJavebisa da steroidebis sinTezSi. gluv 
endoplazmur badeSi xdeba cxovelebis sasqeso hormonebis da Tirkmelzeda jirkvlis steroiduli 
hormonebis warmoqmna. amitomaa, rom Tirkmelzeda jirkvlis, RviZlis, saTesleebisa da sakvercxee-
bis ujredebSi gluvi endoplazmuri bade ufro farTodaa warmodgenili, vidre marcvlovani. 

marcvlovani endoplazmuri badis ZiriTadi funqciebia mis membranebTan dakavSirebuli ri-
bosomebis mier cilebis sinTezi. sinTezirebuli polipeptiduri jaWvi gadaitaneba endoplazmuri 
badis siRruebSi, aqve gadmoitaneba citozolSi arsebuli Tavisufali ribosomebis mier sinTezi-
rebuli polipeptiduri jaWvebic. marcvlovani endoplazmuri badis siRruebSi moxvedrili poli-
peptiduri jaWvebi garkveuli wesiT ixveva da iZens aucilebel samganzomilebian struqturas, ris 
Semdegac cilis molekulebi isev citozolSi gadaisroleba. 

4.3.6. ribosoma
ribosoma warmoadgens cocxali ujredis umniSvnelovanes aramembranul organoids. riboso-

mebi pirvelad aRwera jorj paladem gasuli saukunis 50-ian wlebSi. mas ujredis struqturisa da 
funqciuri organizaciis Seswavlis saqmeSi didi damsaxurebisaTvis 1974 wels nobelis premia mie-
niWa. 

ribosoma sferuli an odnav elifsoiduri formis nawilakia, romlis diametri 150-250 nm-ia. 
igi Sedgeba ori – didi da mcire suberTeulebisagan (sur. 4.27). ribosomebi aminomJavebidan cilis 
molekulis awyobaSi uSualod monawileobs. ribosomebi gvxvdeba rogorc eukariotul, aseve pro-
kariotul ujredebSi.

dadgenilia, rom arsebobs ribosomebis ori ZiriTadi klasi. 
pirvel klass Seadgens eukariotuli ujredebis ribosomebi, ro-
melTa centrifugaSi daleqvis siCqarea 80S (S – daleqvis koefi-
cientia). xSirad i-rnm-s erT molekulasTan dakavSirebulia ramde-
nime ribosoma. aseT struqturas poliribosoma, anu polisoma 
ewodeba.

meore klass Seadgens 70S ribosomebi, romlebic prokari-
otul ujredebSi, eukariotul ujredebSi ki mitoqondriebsa da 
qloroplastebSia lokalizebuli.

ribosoma nukleoproteidia, romelSic Sefardeba rnm/cila 
umaRles cxovelebSi 1:1 Seadgens. eukariotuli ujredis yoveli 
ribosoma ribosomuli rnm-s (r-rnm) oTx molekulas Seicavs. ujre-
dis mTeli rnm-s 70% r-rnm-ze modis.

eukariotul ujredebSi ribosomebis sinTezis ZiriTadi pro-
cesi birTvakSi mimdinareobs; amitomaa, rom TiTqmis Camoyalibebu-
li ribosomebi ujredebis birTvSic gvxvdeba.

sur. 4.26. endoplazmuri badis sqema
1 – birTvis garsi, 2 – birTvi, 3 – marcv-
lovani da 4 – gluvi endoplazmuri bade, 
5 - ribosomebi.

sur. 4.27. ribosomis sqematuri 
gamosaxuleba
1 – didi da 2 – mcire suber-
Teulebi
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4.3.7. goljis aparati 
goljis aparats (goljis kompleqss) es saxeli italieli mecnieris, nobelis premiis laure-

atis kamilo goljis pativsacemad ewoda, man 1898 wels aRmoaCina da aRwera es organoidi. goljis 
aparati warmoadgens eukariotuli ujredis membranuli Senebis organoids. misi ZiriTadi kompo-
nentia membraniT SemosazRvruli brtyeli cisternebis (tomsikebis) dasta. cisternebi kideebze um-
niSvnelodaa gafarToebuli. cisternebTan buStukebia dakavSirebuli (sur. 4.28). 

mcenareul ujredSi goljis aparati warmodgenilia cisternebis ramdenime dastisagan, e. w. 
diqtiosomebisagan, romlebic erTmaneTTan ar aris dakavSirebuli. cxovelur ujredSi ki goljis 

kompleqsi Sedgeba upiratesad erTi didi zomis da masTan mila-
kebiT dakavSirebuli momcro dastebisagan. saerTod, sxvadasxva 
saxis cxovelur ujredebSi goljis aparati metad mravalfero-
vania.

goljis kompleqsis warmoqmnis Sesaxeb arsebobs ramde-
nime mosazreba. erT-erTis Tanaxmad, goljis kompleqsi ukve 
arsebulis gayofis gziT warmoiqmneba. zogi mecnieri am pro-
cess diqtiokinezsac ki uwodebs. meore mosazrebis Tanaxmad, 
goljis aparatis formirebaSi wamyvan rols birTvis garsisa da 
marcvlovani endoplazmuri badis membranebi asrulebs.

goljis aparatis ZiriTadi daniSnulebaa: marcvlovan 
endoplazmur badeze arsebul ribosomebSi sinTezirebuli 
cilebis struqturis saboloo formireba. goljis aparatis 
birTvTan axlo mdebare cisternebSi xdeba formirebadi cile-
bis mierTeba, meore boloze mdebare cisternebidan ki xdeba 
buStukebis gamokvirtva, romlebic sabolood formirebuli 
(,,momwifebuli”) struqturis mqone cilebs Seicavs. Semdgom es 
cilebi daniSnulebis adgilisaken gadaitaneba. 

goljis aparatSi xdeba plazmuri membranis cilebis, 
sekretebis, lizosomebis fermentebis ,,momwifeba” da tran-
sportireba.

4.3.8. lizosoma
lizosomebs pirvelad 1955 wels kristian de diuvma cxovelur ujredebSi miagno. Semdgom es 

organoidebi aRmoCnda yvela eukariotuli organizmis ujredebSi. mcenareTa ujredebSi arsebuli 
vakuolebi, warmoqmnis procesisa da funqciebis mixedviT lizosomebis msgavsia.

lizosomebi heterogenuri organoidebia da Sinagani agebulebis mixedviT didi mravalfe-
rovnebiT gamoirCeva. cxoveluri ujredebis “tipuri” lizosoma membraniT SemosazRvruli 0,1-1,0 
mkm zomis sferuli an ovaluri formis buStukia. lizosomis erT-erTi mniSvnelovani Taviseburebaa 
masSi cilebis, lipidebis, naxSirwylebisa da nukleinis mJavebis damSleli fermentebis arseboba. 
swored amitom ewodeba am organoids lizosoma (berZn. Lysis – daSla da soma – sxeuli). 

lizosomebis SemadgenlobaSi Semavali fermentebis sinTezi marcvlovani endoplazmuri ba-
dis membranebis gareTa zedapirze ganlagebul ribosomebSi mimdinareobs. sinTezirebuli cilebi 
jer endoplazmuri badis arxebsa da RruebSi xvdeba, iqidan ki goljis kompleqsSi gadaitaneba, iq 
grovdeba da Semdeg gamoikvirteba fermentebis Semcveli mcire zomis buStukis saxiT (sur. 4.29).

ganarCeven pirvelad da meoreul lizosomebs. pirveladi lizosomebi goljis kompleqsidan 
axlad gamokvirtuli homogenuri SigTavsis mqone buStukebia da masSi arsebuli fermentebi gaaqti-
vebuli ar aris. meoreuli lizosomebi ki warmoiqmneba ujredSi endocitozis gziT moxvedrili ma-
salis (magaliTad, sakvebis) Semcveli vakuolisa da pirveladi lizosomis Serwymis Sedegad (sur. 
4.29). aseT meoreul lizosomas xSirad saWmlis momnelebel vakuolsac uwodeben. 

xSirad ujredebSi zogierTi organoidi droTa ganmavlobaSi kargavs mniSvnelobas da veRar 
asrulebs Tavis rols, zogi orgnoidi ki sxvadasxva faqtoris zemoqmedebis Sedegad ziandeba. li-
zosomebi uSualod monawileobs aseTi struqturebis daSlasa da alagebaSi, anu autofagiis pro-
cesSi (sur. 4.29). 

lizosomebs “ujredis TviTmkvlelobis iaraRsac” uwodeben. sxvadasxva paTologiuri proce-
sis dros ujredSi adgili aqvs lizosomebis membranis darRvevas da citoplazmaSi damSleli fer-
mentebis gamoTavisuflebas, romelTa aqtivoba mkveTrad aris gazrdili, rac saboloo jamSi ujre-
dis gaqrobas iwvevs. am process autolizi ewodeba. magaliTad, fermentebis aqtiurobis aseTi zrda 
aRiniSneba nekrozul ubnebSi miokardiumis infarqtis SemTxvevaSi. zogierT SemTxvevaSi autolizi 

sur. 4.28. goljis aparatis sqema.
1 – endoplazmur badeSi bolomde 
“moumwifebeli” cilebis Semcveli 
buStuki, romelic kompleqsis cis-
ternebs unda Seerwyas; 2 – goljis 
aparatis cisternebi; 3 – goljis 
aparatidan gamokvirtuli “momwife-
buli” cilebis Semcveli buStuki.
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paTologiur process ar warmoadgens da zogierTi organizmis ganviTarebis garkveul stadiaze 
mimdinareobs. magaliTad, Tavkonbalas bayayad gardaqmiis procesSi misi kudis ujredebSi arsebuli 
lizosomebi kudis gaqrobas iwvevs. 

4.3.9. peroqsisoma
peroqsisoma eukariotuli ujre-

dis membraniT SemosazRvruli 0,2-1,5 
mkm diametris mqone organoidia. is didi 
raodenobiT Seicavs Jangva-aRdgeniT 
reaqciebSi monawile fermentebs. pe-
roqsisomebi dnm-s da rnm-s ar Seicavs. 

sxvadasxva saxis ujredebSi pe-
roqsisomebis funqciebi gansxvavebulia. 
maT Soris aRsaniSnavia: cximovani mJave-
bis daJangva, momwavlavi naerTebis da-
Sla, naRvlis mJavebis sinTezi, nervuli 
boWkoebis mielinis garsis warmoqmna da a. 
S.

4.3.10. vakuoli 
zogi eukariotuli ujredi Seicavs 

vakuols – membraniT SemosazRvrul or-
ganoids. vakuoli gansakuTrebiT kargad 
aris ganviTarebuli mcenareul ujredeb-
Si, sadac mas xSirad ujredis moculobis 
naxevarze meti uWiravs (sur. 4.30).

mcenareuli ujredis vakuoli wyli-
sa da ionebis damaragebis adgilia. va-

sur. 4.29. endocitozi, egzocitozi da lizosomebi. 
1 – goljis kompleqsi, 2 – marcvlovani endoplazmuri bade, 3 – pirveladi lizosomebi, 4, 
5 – pinocitozis Sedegad warmoqmnili buStukebi, 6 – meoreuli lizosomebi,  7 – narCeni 
sxeulakebi, 8 – fagosoma, 9 – ujredis  dazianebuli struqturebi, 10 – autofagosoma.

sur. 4.30. mcenareuli ujredis sqema.
1 – plazmuri membrana, 2 – vakuoli, 3 – citoplazma, 4 – diq-
tiosoma,  5 – CanarTi, 6 – birTvi, 7 – mitoqondria, 8 – ujredis 
kedeli, 9 – qloroplasti, 10 – saxameblis marcvlebi.
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kuolSi SeiZleba moxvdes cxovelqmedebis procesSi warmoqmnili narCeni produqtebi da ujredis 
dazianebuli organoidebic ki. aq isini iSleba. amdenad vakuolis lizosomis msgavsi moqmedebac 
axasiaTebs. vakuols didi mniSvneloba aqvs ujredis turgoris SenarCunebaSi. (turgori (laT. tur-
gere – gajirjveba, Sevseba) ujredSiga wnevaa, romelic ujredis garsis daWimvas iwvevs). sxvadasxva 
saxis ujredebSi vakuoli iseT funqciebsac asrulebs, rogoricaa samarago nivTierebebis dagro-
veba, sekrecia, eqskrecia da sxv. vakuoli sokoebis ujredebisaTvisacaa damaxasiaTebeli. sokoebis 
vakuolSi samarago nivTierebebia (lipidebi, glikogeni, cximovani mJavebi da sxv.) dagrovili. 

4.3.11. mitoqondriebi 
mitoqondriebi pirvelad 1850 wels kunTovan ujredebSi aRmoaCines. maT ujredis ,,energe-

tikul sadgurebs” uwodeben. ZiriTadad mitoqondriebSi mimdinareobs garemodan ujredSi moxve-
drili sakvebi nivTierebebis energiis atf-s energiad gardaqmna. rogorc ukve aRvniSneT, atf is 
nivTierebaa, romlis hidrolizis Sedegad gamoyofili energiis didi nawili uSualod xmardeba 
ujredSi mimdinare sasicocxlo procesebs. mitoqondriebSive mimdinareobs sunTqvis – Jangbadis 
SeTvisebisa da naxSirorJangis gamoyofis procesi.

mitoqondriebi Cxirisebri, Zafisebri anda ovaluri formis organoidebia. gansxvavebulia 
maTi zomebic. zogierT SemTxvevaSi Zafisebri mitoqondriis sigrZe 10 mkm-ze metic ki aris, ovaluri 
mitoqondriis diametri ki mkm-is meaTeds Seadgens. 

yoveli mitoqondria hialoplazmisagan garsiT aris ga-
mijnuli (sur. 4.31). garsi ori membranisa da maT Soris arsebuli 
sivrcisagan Sedgeba. mitoqondriis gareTa membrana gluvia, Siga 
ki warmoqmnis mravalricxovan naoWebs e. w. mitoqondriul qe-
debs anu kristebs. kristebi mniSvnelovnad zrdis Siga membranis 
zedapiris farTobs. Siga membraniT SemosazRvrul sivrces mi-
toqondriis matriqsi ewodeba. matriqsi Seicavs krebsis cikl-
Si monawile fermentebs. aq mimdinareobs cxomovani mJavebis da-
Jangva. matriqsSia mitoqondriuli dnm, rnm da ribosomebi. 

mitoqondriis Siga membranis matriqsisaken mimarTul zeda-
pirze ganlagebulia atf-s sinTezSi monawile fermentis atf–sin-
Tazas molekulebi. aqvea sunTqviTi jaWvis komponentebic. 

rac ufro intensiurad mimdinareobs ujredSi energiis 
xarjva miT ufro metia mitoqondriebisa da mitoqondriebis Siga 
membranis naoWebis – kristebis raodenoba. magaliTad, mwerebis 
safreni kunTebis yovel ujredSi ramdenime aTasi mitoqondriaa.

simbiogenezis hipoTezis Tanaxmad, mitoqondriebi war-
moiSva imis gamo, rom primitiul ujredebs ara hqondaT energiis 

warmosaqmnelad Jangbadis gamoyenebis unari, amitom isini ,,itacebdnen” am unaris mqone baqteriebs. 
Semdgom aseTi saxis baqteriebis bevri geni primitiuli ujredebis birTvSi ,,gadasaxlda”. amito-
maa, rom Tanamedrove mitoqondriebi aRar warmoadgens damoukidebel organizmebs. miuxedavad imi-
sa, rom mitoqondriebSi arsebobs sakuTari cilebis sinTezisaTvis saWiro aparati (dnm, rnm, ribo-
somebi), mitoqondriis funqcionirebisaTvis aucilebeli bevri cila citoplazmaSi sinTezirdeba 
da Semdgom mitoqondriaSi transportirdeba. simbiogenezis Teoriis damadasturebelia is faqti, 
rom mitoqondriebi da prokariotebi 70S tipis ribosomebs Seicavs. 

aRwerilia ujredSi ori mitoqondriis Serwyma. axali mitoqondriebi arsebuli mitoqondrie-
bis gayofis an maTi fragmentaciiT warmoiqmneba. 

4.3.12. plastidebi
plastidebi eukariotuli mcenareebisa da zogierTi fotosinTezis unaris mqone umartive-

si organizmebis organoidebia. Seferilobisa da funqciebis mixedviT gamoyofen plastidebis sam 
jgufs – leikoplastebs, qromoplastebs da qloroplastebs.

leikoplastebi ufero plastidebia. isini, rogorc wesi samarago funqcias asrulebs. magali-
Tad, kartofilis tuberebis leikoplastebSi saxamebelia dagrovili. leikoplastebs gaaCnia qlo-
roplastebad da qromoplastebad gardaqmnis unari.

qromoplastebis Seferilobas karotinoidebi ganapirobebs. arsebobs yviTeli, narinjisferi 
da wiTeli Seferilobis qromoplastebi. qromoplastebiTaa ganpirobebuli mcenareTa yvavilebis, 
nayofisa da Semodgomis foTlebis Seferiloba. swored Seferili yvavilebi da nayofebi izidavs 
mwerebsa da nayofismWamel cxovelebs, rasac didi mniSvneloba aqvs mcenareTa gamravlebasa da ga-
remoSi gavrcelebaSi.

umaRlesi mcenareebisa da wyalmcenareebis ujredebSi gabneulia mwvane feris plastidebi – 

sur. 4.31. mitoqondriis sqema
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qloroplastebi. mwvane fers pigmenti qloro-
fili (berZ. chloros – mwvane da phyllon - foToli) 
ganapirobebs. qlorofili struqturulad he-
mis msgavsia.

qloroplastebi diskos formis orga-
noidebia da garsiT aris dafaruli (sur. 4.32). 
garsi Sedgeba gare da Sida membranebisa da 
membranaTaSoris arsebuli sivrcisagan. qlo-
roplastis SigTavsi Seicavs membraniT Semo-
sazRvrul brtyel parkebs – tilakoidebs. 
swored tilakoidebi Seicavs qlorofils. 
umaRles mcenareebSi tilakoidebi dastebad 
aris ganlagebuli. am dastebs granebi ewode-
ba. granebi erTmaneTTan e. w. lamelebiT aris 
dakavSirebuli. asea warmoqmnili qloropla-
stis erTiani membranuli sistema. tilakoi-
debs Soris arsebul sivrces qloroplastis 
stroma ewodeba. stroma Seicavs qloropla-
stis rnm-s da dnm-s, ribosomebs, saxameblis marcvlebs. qloroplastebSi mzis sinaTlis energiis 
xarjze martivi araorganuli nivTierebebisagan – naxSirorJangisa da wylisagan organuli naerTis 
– naxSirwylebis sinTezi anu fotosinTezi mimdinareobs. plastidebs SeuZliaT erTi meored gar-
daqmna, aseve gayofiT gamravleba.

4.3.13. ujredis centri 
ujredis centri pirvelad Teodor boverim 1888 wels aRmoaCina da mas ,,ujredis gayofis gan-

sakuTrebili organo” uwoda. ujredis centris erT-erTi umTavresi komponentia centrosoma.
centrosoma eukariotuli ujredebis mikromilakebis organizaciis (warmoqmnis) mTavari 

centri da ujreduli ciklis regulatoria. normalur ujredSi ZiriTadad mxolod erTi centro-
somaa. cxovelebis ujredebsa da umartivesebSi centrosomis mTavar komponenets ori centrioli 
warmoadgens.

centriolebi Rruiani cilindruli formis struqturebia. 
maTi wyvili urTierTperpendikularulad aris ganlagebuli. cen-
triolebis sigrZe 0,3-0,5 mkm-ia, diametri ki – 0,2 mkm-mdea. yoveli cen-
trioli warmoqmnilia wriulad ganlagebuli mikromilakebis 9 tri-
pletisagan (sur. 4.33).

interfazur ujredSi centriolebi birTvis siaxlovesaa lo-
kalizebuli. centriolebis garemomcveli citoplazma didi raode-
nobiT Seicavs radialuri orientaciis mikromilakebs. am ubans cen-
trosfero ewodeba, centriolebisa da centrosferos erTianobas 
ki – ujredis centri. mikromilakebi citoConCxis organizaciaSi mo-
nawileobs.

is organizmebi, romlebsac centriolebi ar aqvs, Soltebs mok-
lebulia, aseTebs miekuTvneba xerxemlianebidan CanTosnebi, zogier-
Ti soko, farulTeslovani da SiSvelTeslovani mcenareebi.

4.3.14. wamwamebi da Soltebi 
wamwamebi eukariotuli ujredebis zedapirze ganlagebuli 0,1-

0,6 mkm diametris moZravi struqturebia. sxvadasxva saxis ujredebis 
wamwamebis sigrZe 3 mkm-dan 2 mm-mde meryeobs.

wamwamebi garedan plazmuri membraniT aris dafaruli. centrSi 
moTavsebulia 2 mikromilaki, romelTa garSemo ganlagebulia mikro-
milakebis 9 wyvili. yovel wyvilSi erTi mikromilaki srulia da 13 
protofilamentisagan Sedgeba, meore ki – arasrulia da Seicavs 11 
protofilaments.

wamwamis fuZeSi ganlagebulia e.w. bazaluri sxeulaki (kineto-
soma), romlis struqturac iseTivea, rogoric centriolisa.

zogierTi organizmis wamwamebi umoZraoa da receptorebis rols 
asrulebs. xerxemliani organizmebis, maT Soris adamianis, bevri orga-
nos ujredebs moZravi wamwamebi aqvs. adamianSi wamwamovani epiTeliumiT 
amofenilia sasunTqi gzebi, evstaqis milebi, Teslgamtari arxebi, Tavis 
tvinis parkuWebi da zurgis tvinis arxi. 

sur. 4.32. qloroplastis sqematuri gamosaxuleba 

sur. 4.33. centriolis sqema.

sur. 4.34. traqeis amomfeni 
epiTeluri ujredebis wamw-
amebi.
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magaliTad, sasunTqi gzebis – cxviris Rrus, traqeisa (sur. 
4.34) da bronqebis epiTeluri ujredebi dafarulia mravalricxova-
ni wamwamebiT. maT SeTanxmebuli talRisebri moZraobis Sedegad sa-
sunTqi gzebidan lorwo, masSi arsebul mtvris nawilakebTan da daRu-
pul ujredebTan erTad gareT gamoidevneba.

wamwamebis moZraoba atf-s hidrolizis Sedegad gamoyofili 
energiis xarjze mimdinareobs. 

eukariotuli ujredebis Soltebi iseTive agebulebisaa, ro-
goric wamwamebisa (sur. 4.35). Soltebi, wamwamebTan SedarebiT ufro 
grZeli (200 mkm-mde) warmonaqmnebia. Soltebis talRisebri an Zabri-
sebri moZraobis Sedegad ujredi garemoSi gadaadgildeba. eukari-
otul ujredebSi Soltebis raodenoba oTxs ar aRemateba. Soltebi 
aqvs erTujredian organizmebs mwvane evglenasa da sxva Soltianebs.
(sur 3.5). mamrobiTi sasqeso ujredi – spermatozoidi Soltis saSua-
lebiT moZraobs. 

Soltebi prokariotuli ujredebisTvisacaa damaxasiaTebeli. 
baqteriebis Soltebis sisqe 10-20 nm-ia, sigrZe ki 3-15 mkm-s farglebSi 
meryeobs. maTi moZraoba baqteriis membranaSi lokalizebuli baza-
luri sxeulakis e. w. ,,motoris” meSveobiT xorcieldeba.

4.3.15. CanarTebi
organoidebis garda, ujredebi Seicavs iseT warmonaqnmebsac, romlebic, ujredSi mimdinare 

nivTierebaTa cvlis intensivobisa da organizmis arsebobis pirobebis mixedviT, SesaZloa ujredSi 
an arsebobdes, Tanac didi raodenobiT, an saerTod ar arsebobdes. maT CanarTebi ewodeba da gvxvde-

ba sxvadasxva zomis, formisa da qimiuri bunebis marcvlebis, belte-
bis, wveTebis, vakuolebis, kristalebis (sur. 4.36) saxiT. CanarTebis 
nawilSi samarago nivTierebebia dagrovili: cximebi wveTebis saxiT 
grovdeba, naxSirwylebi da cilebi marcvlebis saxiT. cximovani wveTe-
bi didi raodenobiTaa mcenareTa Teslebis, agreTve cxovelTa kanqve-
Sa cximovan ujredebSi. cilovani CanarTebi gansakuTrebiT bevria 
cxovelTa kvercxujredSi, mcenareTa Teslebis ujredebSi. zogierT 
CanarTSi dagrovilia ujredis cxovelqmedebis saboloo, ujredi-
saTvis uvargisi nivTierebebi, romlebic ujredidan unda gaidevnos. 
ujredebisa da qsovilebis Seferilobas pigmentebis Semcveli Canar-
Tebi ganapirobebs.

jirkvlovani ujredebi Seicavs CanarTebs, romlebSic am ujre-
debSi warmoqmnili sekretebi da inkretebi grovdeba.

4.3.16. ujredis birTvi 
birTvi (laT. – nucleus, berZn. karyon – kakali, birTvi) eukariotuli ujredis erT-erTi Ziri-

Tadikomponentia. misi funqcia aris dnm-s molekulebSi kodirebuli memkvidreobiTi (genetikuri) 
informaciis Senaxva, aRwarmoeba da gadacema. ganarCeven birTvis or mdgomareobas: ujredis or Ta-
namimdevrul gayofas Soris periodSi arsebul e. w. interfazul birTvs da gayofad birTvs. inter-
fazuli birTvi uzrunvelyofs cilis sinTezis procesebs. gayofadi birTvi ki – ujredebis raode-
nobis zrdas da maTSi memkvidreobiTi informaciis Tanabar ganawilebas. 

birTvi ZiriTadad ujredis centrSia ganlagebuli da mxolod centraluri vakuolis Semcvel 
mcenareul ujredebSi – ujredis kedelTan. birTvis diametri 0,5 mkm-dan (sokoebSi) 5000 mkm-mde 
(zogierT kvercxujredSi) meryeobs, ufro xSirad igi 5 mkm-is farglebSi varirebs. birTvis mdgoma-
reoba, forma da zomebi icvleba metabolizmis intensiurobis cvlilebis paralelurad. 

zogierT momwifebul ujreds birTvi ar gaaCnia. magaliTad, ZuZumwovrebis eriTrocitebsa 
da farulTeslovanebis sacrisebri milebis ujredebs. Zalian didi zomis ujredebi xSirad mraval-
birTviania (magaliTad, ConCxis kunTebis ujredebi xerxemlianebSi). infuzoriebs moepovebaT erTi 
mcire (mikronukleusi) da erTi didi (makronukleusi) zomis birTvi. mikronukleusi asrulebs 
gamravlebis funqcias da makronukleusi – metabolur funqcias. 

interfazuli birTvi Sedgeba birTvis garsis – kariolemis, birTvis wvenis – karioplazmis, 
qromatinisa da erTi an ramdenime birTvakisagan (sur. 4.37).

birTvis garsi Sedgeba ori erTmaneTis siaxloves ganlagebuli membranisagan da membranaTaSo-
risi anu perinukleuri sivrcisagan. TiToeuli membranis sisqe daaxloebiT 8 nm-ia, perinukleuri 

sur. 4.35. Soltis ganivi Wrilis 
sqema.
1A da 1B – periferiuli mik-
romilakebis wyvili, 
2 – centraluri mikromilakebi, 
3 – cila dineinis mxrebi, 
4 – radialuri Cxiri, 
5 – periferiul milakebs Soris 
arsebuli xidaki,
6 – ujredis plazmuri membrana.

sur. 4.36. mJaunmJava kalciu-
mis kristalebi mcenareul 
ujredebSi.
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sivrcisa ki – 30 nm. birTvis garss gaaCnia daaxloe-
biT 70 nm diametris nasvretebi – forebi. aq birTvis 
garsis membranebi erTmaneTTan aris Serwymuli. fo-
rebis meSveobiT xorcieldeba sxvadasxva nivTiere-
bis birTvidan citoplazmaSi da piriqiT gadasvla. 
magaliTad, birTvidan citoplazmaSi gadadis i-rnm 
da t-rnm, romlebic cilebis sinTezSi monawileobs. 
citoplazmidan birTvSi forebis saSualebiT gada-
dis dnm-sTan dasakavSirebeli specifiuri cilebis 
molekulebi, agreTve ribosomuli cilebi.

fora birTvis garsSi arsebuli ubralo xvre-
li ar aris. mas rTuli agebuleba aqvs da ramdenime 
aTeuli specializebuli cilisagan – nukleopori-
nisagan Sedgeba, romlebic lokalizebulia birTvis 
garsis rogorc Siga, aseve gare zedapirze.

birTvis garsis gare membranis citoplazmisa-
ken mimarTul zedapirze ganlagebulia ribosomebi. 
calkeul ubnebSi gare membrana marcvlovani endo-
plazmuri badis membranebTanaa Serwymuli da peri-
nukleuri sivrce endoplazmuri badis arxebsa da 
RruebTanaa dakavSirebuli. 

birTvis garsis Siga membrana Seicavs fermen-
tebs, romlebic energiis gamomuSavebis, dnm-s re-
plikaciisa da transkripciis procesebSi monawile-
obs. 

birTvis wveni, nu karioplazma ustruqturo masaa, romlis siblante hialoplazmis siblan-
tes uaxlovdeba. karioplazma Seicavs cilebsa da sxvadasxva saxis rnm-s. eleqtronul mikroskopSi 
dakvirvebisas karioplazmaSi SeiniSneba wvrili marcvlebis didi raodenoba – es ribosomebis wina-
morbedebia, romlebic birTvidan citoplazmaSi transportirdeba. 

karioplazmaSia lokalizebuli birTvis matriqsi. is uxsnadi birTvSiga karkasia. birTvis ma-
triqsi ZiriTadad arahistonuri cilebisagan aris agebuli.

qromatini (berZn. chromatos – feri, saRebavi) birTvis umniSvnelovanesi komponentia. is qro-
mosomebis ZiriTad struqturul safuZvels warmoadgens. qromatini intensiurad iRebeba birTvis 
saRebavebiT. swored amitom ewodeba mas aRniSnuli saxeli. ujredis gayofis procesSi qromatinisa-
gan qromosomebi formirdeba. qromatinis struqturuli erTeulia 10 nm diametris mqone elemen-
taruli fibrila (Zafi) qromatinis 30-40%-s dezoqsiribonukleinis mJava (dnm) Seadgens, 30-50%-s 
– specifiuri cilebi – histonebi, 4-33%-s – sxva cilebi. qromatini ribonukleinis mJavasac (rnm) 
Seicavs. 

interfazul birTvSi, qromatinis kondensaciis xarisxze damokidebulebiT ganarCeven hete-
roqromatinsa da euqromatins. heteroqromatini qromatinis kompaqturi ubnebia, isini araaqtiu-
ria da dnm-s miCumebul ubnebs Seesabameba. heteroqromatini upiratesad birTvis periferiul 
ubnebSia lokalizebuli. qromatinis arakompaqturi ubnebi, anu euqromatini transkripciuli aqti-
vobiT xasiaTdeba. 

birTvi Seicavs erT an ramdenime momrgvalo formis birTvaks. isini membraniT ar aris Semo-
sazRvruli. birTvakis ZiriTadi funqcia ribosomebis sinTezia. birTvaki qromatiniT aris gare-
moculi, romlis nawili birTvakSia SeWrili. mas birTvakis organizatori ewodeba. birTvakis 
irgvliv da birTvakSi SeWrili qromatini 
ribosomuli rnm-s (r-rnm) sinTezis pro-
cesebSi monawileobs. birTvakSive xdeba 
r-rnm-s momwifeba da ribosomebis suber-
Teulebis awyoba. r-rnm-s jaWvi cilebTan 
dakavSirebis Semdeg warmoqmnis ribonu-
kleoproteidebis (rnp) fibrilebs, rom-
lebic konfiguraciis Secvlis Semdeg 
rnp granulad Camoyalibdeba. swored 
rnp granulebi warmoadgens ribosomebis 
suberTeulebs. aRniSnuli granulebi 
birTvis forebis gavliT citoplazmaSi 
transportirdeba da srulyofil ribo-

sur. 4.37. birTvis sqematuri gamosaxuleba. 1 – 
birTvis garsi; 2 – gare membrana; 3 – Siga membrana; 
4 – qromatini; 5 – birTvaki; 6 – nukleoplazma; 7 – 
birTvis garsis forebi.

sur. 4.38. metafazuri qromosomebis tipebis sqema
1, 6 _metacentruli; 2, 3 _ submetacentruli; 4, 5 _ akro-
centruli;  7 _ akrocentruli meoradi WimiT; 8 _ akrocen-
truli TanamgzavriT.



70.

Tavi  4

somebad yalibdeba. 
qromosomebi ujredisa da organizmis memkvidruli informaciis Semcveli struqturebia. 

eukariotebSi dnm SefuTulia calkeul qromosomebSi, romelTa ricxvi saxeobisagan damokidebu-
lebiT varirebs (magaliTad, adamianis TiToeul diploidur ujredSi 46 qromosomaa, haploidur 
ujredSi – 23). termini ,,qromosomebi” 1888 wels Semoitana germanelma anatomma vilhelm valdaierma 
(1836-1921). ujredis mTeli sicocxlis manZilze qromosomebi ganuwyvetliv arsebobs da kanonzo-
mierad icvleba ujreduli ciklis sxvadasxva stadiaze. 

qromosomas aqvs pirveladi sartyeli, romlis zonaSi centromeraa lokalizebuli. misi mde-
bareobis mixedviT qromosoma SeiZleba iyos metacentruli _ centromera qromosomis SuaSi an 
TiTqmis SuaSi mdebareobs da orive mxari TiTqmis tolia, submetacentruli anu araTanabar mxria-
ni, akrocentruli – erTi mxari metad grZelia, meore ki Zalian moklea, telocentruli anu Cxiri-
seburi, centromera qromosomis boloSia moTavsebuli (sur. 4.38). 

eukariotuli ujredis qromosomaTa erToblioba – qromosomuli kompleqti Sedgeba morfo-
logiurad erTnairi homologiuri wyvilebisagan (diploiduri kompleqti), sasqeso ujredebs ki 
yoveli wyvilidan TiTo aqvs (haploiduri kompleqti) (cxrili 4.5). yovel saxeobas evoluciis pro-
cesSi Camouyalibda maTTvis damaxasiaTebeli kariotipi anu qromosomebis raodenobrivi (raode-
noba, zoma) da Tvisobrivi (morfologiuri: centromeris mdebareoba, meoreuli sartylis arseboba, 
euqromatinuli da heteroqromatinuli ubnebi da a. S.) niSnebis erToblioba. kariotipi saxeobis 
arsebiT kriteriums warmoadgens. kariotipi SeiZleba gamoisaxos kariogramis (sur. 7.34) saxiT, ro-
melSic qromosomebi dalagebulia zomis klebadobis mixedviT.

gasuli saukunis samocdaaTian wlebSi dadgenil iqna faqti, rom qromatini agebulia suber-
Teulebisagan _ nukleosomebisagan, romlebic erTnairia yvela eukariotisaTvis. is Sedgeba dnm-s 
200-mde nukleotiduri wyvilis Semcveli Tanamimdevrobisagan, romlis struqturul organizacias 
xels uwyobs histonebi _ warmoiqmneba mZivis msgavsi nawilaki. dnm am nawilakis zedapirze Zevs, ci-
lovani komponenti ki _ SigniT. (sur. 4.39).

qromatinis cilebi ori tipisaa: histonuri da arahistonuri. maTi masa dnm-s masas orjer 
aRemateba. histonebi qromatinis fuZe cilebis umravlesobaa. arahistonuri cilebi qromatinis ci-
lebis saerTo masis umcires wils Seadgens. maT Soris yvelaze mniSvnelovania fermenti rnm-poli-
meraza. 

cxrili 4.5 
qromosomaTa diploiduri kompleqti 

zogierT cxovelsa da mcenareSi

organizmi 2n organizmi 2n

adamiani 46 malariis plazmodiumi 2

Simpanze 48 naZvi 24

makaka rezusi 42 fiWvi 24

cxeni 64 muxa 24

Rori 38 kakali 32

Zroxa 60 stafilo 18

Txa 60 kartofili 48

ZaRli 78 pomidori 24

saxlis Tagvi 40 rbili xorbali 42

virTagva 42 Wvavi 14

qaTami 78 qeri 14

mtredi 80 simindi 20

gombeSo 24 xaxvi 16

tritoni 24 qliavi 48

oTaxis buzi 12 barda 14

kobri 104 arjakeli 14 sur. 4.39. qromosomis struqturis sqema
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4.4. ujredis sasicocxlo cikli, mitozi

gamravleba anu reproduqcia (laT. re – gameoreba, produco – warmoqmna), anu Tavisive msgavsis 
warmoqmna dedamiwaze arsebuli cocxali organizmebis fundamenturi Tvisebaa. es unari uzrun-
velyofs memkvidruli informaciis gadacemas TaobaTa monacvleobisas. gamravleba dedamiwaze si-
cocxlis uwyvetobas ganapirobebs.

ujredovani agebulebis organizmebis gamravlebis nebismieri formis safuZvels ujredis ga-
yofa warmoadgens.

eukariotuli ujredis gayofis yvelaze gavrcelebuli da universaluri xerxia mitozi, ro-
melic uzrunvelyofs dediseuli ujredis or Svileul ujredad gayofas, romlebic dediseuli 
ujredis identur genetikur masalas Seicavs. 

ujredis mitozuri gayofa yovelTvis iwyeba birTvis gayofiT – kariokineziT, romelsac ume-
tes SemTxvevaSi Tan sdevs citoplazmis gayofa – citokinezi. zogierT SemTxvevaSi kariokinazs 
SeiZleba citokinezi ar mohyves. termini “mitozi” viwro mniSvnelobiT birTvis gayofas gulisxmobs.

ujredebis mitozuri gayofa aRmoaCnes XIX saukunis bolos erTdroulad germanelma histo-
logma valter flemingma (1843-1905) da germaniaSi moRvawe polonelma botanikosma eduard stra-
sburgerma (1844-1912). flemingma es procesi cxovelTa ujredebSi aRwera, strasburgerma ki – mce-
nareTa ujredebSi. 

mitozuri gayofis kanonzomierebani universaluria da axasiaTebs yvela eukariotul ujreds. 
mitozis biologiuri arsi imaSi mdgomareobs, rom gayofis Sedegad erTi dediseuli ujredidan 
miiReba ori Svileuli ujredi, romlebic qromosomaTa iseTsave kompleqts Seicavs, rogoric 
dediseuli ujredSi iyo, anu mitozi uzrunvelyofs Svileul ujredebSi memkvidreobiTi in-
formaciis srulad gadacemas. garda amisa, citokinezis Sedegad ZiriTadi organoidebi Svileul 
ujredebSi met-naklebad Tanabrad nawildeba.

TavisTavad mitozi warmoadgens im rTuli procesebis damagvirgvinebel etaps, romlebic 
uzrunvelyofs ujredis gayofas da swored am procesebis erTobliobas ujredis sasicocxlo 
cikli, anu mitozuri cikli ewodeba.

ujreduli ciklis procesebidan umniSvnelovanesia: 1) dnm-s anu ujredis memkvidreobiTi ma-
salis gaormageba da 2) am masalis Tanabari ganawileba Svileul ujredebs Soris. pirveli maTgani 
mimdinareobs e. w. interfazis periodSi, meore ki _ mitozis dros. amrigad ujreduli cikli Sed-
geba ori ZiriTadi periodisagan – interfazisa da mitozuri gayofisagan. TiToeuli maTgani ramde-
nime fazas moicavs. aRsaniSnavia, rom interfazisa da mitozis fazebs Soris mkveTri zRvari ar ar-
sebobs – ujreduli cikli warmoadgens uwyvet process, romlis yoveli stadia uwyvetad gadadis 
momdevno stadiaSi.

interfaza. zrdasruli organizmis qsovilebis ujredebis TiTqmis nebismier populaciaSi 
gamravlebad ujredebTan erTad iseTi ujredebic aris, romlebic diferencirebulia, specifiur 
funqciebs asrulebs da aRar mravldeba. amitomaa, rom ganarCeven interfazis or mdgomareobas: 
pirvelia e. w. heterosinTezuri interfaza (G0 faza), rodesac gayofis Semdeg ujredi izrdeba, 
funqcionirebs, magram Semdgomi gayofisaTvis aRar emzadeba. meorea autosinTezuri interfaza, 
rodesac ujredi izrdeba, funqcionirebs da momdevno gayofisaTvisac emzadeba.

interfazaSi eukariotuli ujredis birTvi Sedgeba birTvis garsis, qromatinis, birTvakis/
ebis da birTvis wvenisagan. qromosomebi ZiriTadad despiralizebulia da eu- da heteroqromatinis 
saxiT aris warmodgenili. autosinTezur interfazaSi mimdinareobs mitozis msvlelobisaTvis ise-
Ti mniSvnelovani procesebi, rogorebicaa: dnm-s replikacia, qromosomebis cilovani komponentis 
sinTezi, gayofis TiTistaras cilebis sinTezi, ujredis centris gaormageba da mitozis normaluri 
msvlelobisaTvis aucilebeli energiis atf-s makroerguli bmebis saxiT momarageba. am procesebTan 
erTad ujredi izrdeba da umetesad birTvisa da citoplazmis moculobaTa Sefardeba SedarebiT 
mudmivi rCeba. zogierT SemTxvevaSi interfaza ise xanmoklea, rom ujredebi zrdas ver aswrebs. ma-
galiTad, ganayofierebuli kvercxujredis – zigotis erTimeoris miyolebiT mimdinare mitozur 
gayofaTa (e. w. danawevrebis) Sedegad warmoqmnili blastomerebi zrdas ver aswrebs da maTi zomebi 
ujredebis ricxvis matebasTan erTad mcirdeba.

interfazas sam periodad yofen. esenia presinTezuri anu postmitozuri periodi (G1 faza), 
dnm-s sinTezis periodi (S faza) da postsinTezuri anu premitozuri periodi (G2 faza).

G1 
faza moicavs drois periods ujredis gayofis damTavrebidan dnm-s replikaciis dawye-

bamde. am periodSi mimdinareobs ujredis momdevno gayofisaTvis aucilebeli energiis dagroveba; 
grovdeba, agreTve, dnm-s replikaciisaTvis, qromosomebis cilovani komponentebis, ujredis cen-
tris gaormagebisaTvis da gayofis TiTistaras cilebis sinTezisaTvis aucilebeli nivTierebebi. 
am fazaSive xdeba dnm-s sinTezisaTvis saWiro zogierTi fermentis sinTezi da mimdinareobs zemoT 
aRniSnuli cilebis sinTezisaTvis aucilebeli i-rnm-s sinTezi. 
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S fazaSi mimdinareobs dnm-s re-
plikacia. es procesi komplementurobis 
principis Sesabamisia da replikaciis Se-
degad miRebul dnm-s yovel molekula-
Si erTi spirali dediseulia, meore ki – 
axlad sinTezirebulia.

G2 fazaSi ZiriTadad mitozis nor-
maluri msvlelobisaTvis saWiro energi-
is dagroveba da gayofis TiTistaras da 
ujredis centris gaormagebisaTvis saWi-
ro cilebis sinTezi mimdinareobs.

zrdasruli organizmis ujredeb-
Si interfazis xangrZlivoba 10-dan 30 
saaTamdea, zogierT SemTxvevaSi ki ufro 
xangrZlivicaa. rogorc wesi, mitozis 
xangrZlivoba interfazasTan SedarebiT 
daaxloebiT 10-jer ufro naklebia.

ujreduli anu mitozuri cikli 
grafikulad SeiZleba gamovsaxoT wris 
saxiT, romelzedac drois xangrZlivobis 
proporciulad gadazomilia ujreduli 
ciklis fazebi (sur. 4.40).

mitozis fazebia: profaza, prometafaza, metafaza, anafaza da telofaza (sur. 4.41).
profazis dasawyisisaTvis birTvis zomebi ukve mniSvnelovnadaa gazrdili da masSi SeimCne-

va qromosomebis wvrili spiralizebuli Zafebi, romlebic birTvSi Tanabradaa gabneuli. profazis 
sawyis etapze yoveli qromosoma warmodgenilia ori erTmaneTis garSemo spiralurad daxveuli Za-
fiT. maT qromatidebi ewodeba. qromosomebis aseTi agebuleba ganpirobebulia interfazaSi dnm-
sa da qromosomuli cilebis reproduqciiT. am periodSi qromosomebSi SesamCnevia centromerebi 
momrgvalo naTeli zonis saxiT. profazaSi mimdinare procesebia:

•	 qromosomebis damokleba da gamsxvileba; amasTan erTad xdeba qromatidebis gancalkeveba 
da urTierTparalelurad ganlageba. centromeruli ubani naWdevis saxes iRebs, mas cen-
tromeruli, anu pirveladi naWdevi ewodeba. qromatidebi centromerul ubanSi erTma-
neTTan mWidrod aris dakavSirebuli (sur. 4.41).

•	 gaormagebuli centriolebis urTierTdacileba da maT mier ujredis polusebis formi-
reba. 

•	 centriolebs Soris gayofis TiTistaras centraluri anu pirveladi Zafebis sistemis gan-
viTareba. gayofis TiTistaras safuZvels mikromilakebi warmoadgens. 

•	 birTvakis/ebis zomebis Semcireba da gaqroba.
prometafaza. profazis damTavrebisa da metafazis sawyisi etapis – prometsfazis dasawyisad 

is periodi iTvleba, rodesac birTvis garsi daSlas iwyebs da wvrili buStukebisa da cisternebis 
saxiT ganibneva citoplazmaSi. ujredis centraluri ubanis hialoplazmis siblante mcirdeba da 
maqsimalurad damoklebuli da gamkvrivebuli qromosomebi erTi SexedviT uwesrigod gadaadgil-
deba gayofis TiTistaras ekvatoruli sibrtyisaken.

metafaza. sakuTriv metafazis dasawyisad iTvleba is momenti, rodesac qromosomebi miaRwevs 
TiTistaras ekvatorul ubans da iq ise ganlagdeba, rom maTi centromeruli ubnebi zustad erT si-
brtyeSi mdebareobs. metafazaSi gayofis TiTistara sruli ganviTarebis stadias aRwevs. centra-
luri anu pirveladi Zafebis garda, romlebic polusebs erTmaneTTan akavSirebs, viTardeba qromo-
somuli TiTistarac, romelic qromosomebis centromerul ubnebs polusebTan akavSirebs.

anafaza. metafazis saboloo etapad SeiZleba is momenti CaiTvalos, rodesac adgili aqvs yo-
veli qromosomis centromerebis gayofas. yovel qromosomaSi Svileuli centromerebi, Semdgom 
qromatidebic erTmaneTs scildeba da polusebisaken iwyebs moZraobas. es momenti aris anafazis da-
sawyisi da qromatidebsac ukve Svileuli qromosomebi ewodeba. yoveli gaormagebuli qromosomis 
erTi Svileuli qromosoma erTi polusisaken gadaadgildeba, meore – meore polusisaken. qromoso-
mebis gadaadgileba gayofis TiTistaras qromosomebTan dakavSirebuli Zafebis damoklebis Sede-
gad xorcieldeba.

telofaza iwyeba Svileuli qromosomebis polusebisaken migraciis damTavrebisTanave. am fa-
zaSi mimdinare procesebi interfazuli birTvis struqturis aRdgenas uzrunvelyofs.

mitozis fazebis xangrZlivobaa: profazisa – 20-35 wuTi, metafazisa – 6-15 wuTi, anafazisa – 
8-14 wuTi, telofazisa – 9-26 wuTi.

sur. 4.40. mitozuri ciklis grafikuli gamosaxuleba
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umetes SemTxvevaSi birTvis gayofas anu kariokinezs Tan sdevs citoplazmis gayofac – cito-
kinezi. saboloo jamSi dediseuli ujredidan miiReba ori Svileuli ujredi. cnobilia citokinezis 
ori ZiriTadi forma: erTi damaxasiaTebelia cxoveluri, meore – mcenareuli ujredisaTvis (sur. 
4.42). citokinezi telofazaSive, iSviaTad anafazis bolos iwyeba. cxovelur ujredSi ekvatoru-
li sibrtyis ubanSi, TiTistaras RerZis perpendikularulad Cndeba ujredis zedapiris rkaluri 
Cazneqiloba, romelic ujredis garSemo warmoqmnil arxs waagavs. Cazneqiloba TandaTan Rrmavdeba 
da saboloo jamSi ujredi orad iyofa. 
mcenareul ujredSi ki TiTistaras cen-
tralur nawilSi warmoiqmneba figura, 
romelic urTierTparalelurad loka-
lizebuli uwvrilesi Zafebis grovebs 
warmoadgens; maTze mkvrivi granulebia 
ganlagebuli. es e. w. fragmoblastia, is 
TandaTanobiT izrdeba, granulebi erT-
maneTs erwymis, warmoiqmneba Txeli fir-
fitebi, romlebic membranis msgavsi age-
bulebisaa da saboloo jamSi ujredi or 
Svileul ujredad iyofa.

sur. 4.41. mitozis fazebis grafikuli gamosaxuleba.
1 – centrosomebis wyvili, 2 – gaormagebuli qromatini, 3 – birTvaki, 4 – birTvis garsi, 5 – 
plazmuri membrana, 6 – pirveladi TiTistara, 7 - polusi, 8 – centromera, , 9 – qromosoma 
ori Svileuli qromatidiT, 10 – birTvis garsis fragmentebi, 11 – qromosomis gaormagebuli 
centromeruli ubani, 12 –polusebis damakavSirebeli TiTistaras Zafebi 13 – qromosomuli 
TiTistaras Zafi, 14 –metafazuri firfita, 15 – gayofis TiTistara, 16 – ujredis polusi 
ori centrioliT, 17 - Svileuli qromosomebi, 18 – ujredis gamyofi Rari, 19 - formirebadi 
birTvaki, 20 –Svileuli ujredis formirebadi birTvis garsis nawilebi.

sur. 4.42. mcenareuli (a) da cxoveluri (b) ujredis citoki-
nezis sqema.
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cxrili 4.6
prokariotuli da eukariotuli ujredebis Sedareba

damaxasiaTebeli niSani prokariotebi eukariotebi

organizmebi
arqebaqteriebi, eubaqteriebi protoktistebi,sokoebi, mcenareebi, 

cxovelebi

sxeuli erTujrediani, an Zafnairi
erTujrediani, koloniuri, an mravalu-
jrediani

ujredebis zomebi 0,5 _ 10 mkm
saSualod 10 _ 100 mkm (arsebobs gigan-
turi ujredebic)

birTvi
ara aqvT, memkvidreobiTi masala ci-
toplazmaSi Tavisuflad dacuravs

ormagi membraniTa da perinukleuri 
sivrciT garemoculi birTvi

ujredis ConCxi aqvs aqvs

organoidebi

ribosomebi, mcire raodenobis uj-
redSiga membranebi mxolod sunTqvasa 
da fotosinTezis procesebTanaa 
dakavSirebuli 

aqvs rTuli, specializebuli organoi-
debi: ribosomebi, endoplazmuri bade, 
goljis kompleqsi, mitoqondriebi, 
plastidebi da a. S.

ribosomebi 70S 80S

ujredis kedeli 
 aqvs; xistia da misi ZiriTadi kompo-
nentia mureini.

aqvs mcenareebsa da sokoebs; mcenare-
ebSi misi ZiriTadi komponentia celu-
loza, sokoebSi _ qitini. cxovelTa 
ujredebs kedeli ar aqvs.

genetikuri masala _ 
dnm

wyviljaWviani dnm-is wriuli moleku-
laa; moTavsebulia uSualod cito-
plazmaSi nukleoidis saxiT

dnm-is wrfivi molekulebi dakavSire-
bulia cilebTan da qromosomebadaa 
organizebuli; lokalizebulia birTv-
Si da citoplazmisgan birTvis garsiTaa 
gamoyofili

rnm_s sinTezi da 
momwifeba

martivia, mimdinareobs citoplazmaSi rTulia, mimdinareobs birTvSi

cilebis sinTezi da 
procesingi

martivi, dakavSirebulia rnm-s sin-
TezTan

rTuli, mimdinareobs citoplazmasa 
da marcvlovani endoplazmuri badis 
siRrueebSi

nivTierebaTa cvla
anaerobuli, an aerobuli upiratesad aerobuli

endocitozi da ekzo-
citozi

ar axasiaTebs axasiaTebs sxvadasxva formebi

gayofa martivi _ binaruli
mitozi da sasqeso ujredebis momwife-
bisas _ meiozi
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cxrili  4.7
mcenareebis, cxovelebisa da sokoebis ujredebis agebulebis Sedareba

struqtura
agebuleba da funqcia mcena-

reebi
cxove-
lebi

soko-
ebi

birTvi

Sedgeba birTvis garsis, karioplazmis, qromatinisa da 
birTvakebisagan. Seicavs memkvidreobiT masalas. sxva-
dasxva saxis rnm-s sinTezi.

aqvs
(Ziri-
Tadad 
erTi)

aqvs
(Ziri-
Tadad 
erTi)

aqvs
(erTi an 
mrava-
li)

qromosomebi

birTvis gayofis procesSi kargad Rebvadi struqture-
bi. Seicavs memkvidreobiT masalas – dnm-s. monawileobs 
memkvidreobiTi informaciis Tanabrad ganawilebaSi 
Svileul ujredebs Soris. 

aqvs aqvs aqvs

ribosomebi
Sedgeba ori suberTeulisagan. monawileobs cilis 
sinTezSi.

aqvs aqvs aqvs

endoplazmuri 
bade

membraniT SemosazRvruli arxebisa da tomsikebis si-
stema. monawileobs cilebisa da lipidebis sinTezsa da 
transportirebaSi.

aqvs aqvs aqvs

goljis kom-
pleqsi

membraniT SemosazRvruli brtyeli tomsikebisa da 
buStukebis sistema. awarmoebs rTuli cilebisa da po-
lisaqaridebis sinTezs, dagrovebasa da sekrecias. 

aqvs aqvs aqvs

centriolebi

mikromilakebisagan Semdgari Rruiani cilindris for-
mis ori sxeulaki. ujredis gayofis procesSi monawile-
obs polusebisa da gayofis TiTistaras formirebaSi. 

ar
aqvs

aqvs
ar
aqvs

mitoqondriebi

ori membraniT SemosazRvruli sxvadasxva zomis orga-
noidi. Sida membranas aqvs naoWebi – kristebi. monawi-
leobs ujredSi energiis gardaqmnasa da atf-s sinTezis 
procesebSi.

aqvs aqvs aqvs

qloroplaste-
bi

ori membraniT SemosazRvruli diskos formis organoi-
di, Seicavs tilakoidebsa da granebs, romlebSic qlo-
rofilia lokalizebuli. mimdinareobs fotosinTezi.

aqvs
ar
aqvs

ar
aqvs

leikoplastebi ufero plastidebia. saxameblis damaragebis adgilia
aqvs ar

aqvs
ar
aqvs

qromoplastebi
feradi plastidebia. yvavilebis, nayofebis Seferiloba 
qromoplastebiTaa ganpirobebuli. aqvs

ar
aqvs

ar
aqvs

lizosomebi

membraniT garemoculi mcire zomis buStukia, Seica-
vs organul nivTierebaTa damSlel fermentebs, maTi 
meSveobiT inelebs gaermodan ujredSi moxvedril nawi-
lakebsa da ujredis dazianebul struqturebs.

aqvs aqvs aqvs

segresomebi
vakuolis msgavsi buStukia. zRudavs ujredSi hidro-
foburi nivTierebebis SeRwevas.

ar
aqvs

ar
aqvs aqvs

qitosomebi
organoidia, romelic Seicavs qitinis sinTezisaTvis 
aucilebel ferments qitinosinTetazas.

ar
aqvs

ar
aqvs

aqvs

vakuolebi
membraniT SemosazRvruli buStukia, Seicavs ujredis 
wvens da samarago nivTierebebs.

aqvs aqvs aqvs

ujredis kede-
li

plazmuri membranis zedapirze lokalizebuli mkvrivi 
damcveli garsi.

aqvs
ar
aqvs

aqvs

citoConCxi
Sedgeba sxvadasxva diametrisa da sigrZis fibrilebisa-
gan. gansazRvravs ujredis formas.

aqvs aqvs aqvs

moZraobis or-
ganoidebi

wamwamebi, Soltebi da sxv. ganapirobebs ujredis gare-
moSo gadaadgilrbas.

aqvs aqvs aqvs

samarago nax-
Sirwylebi

saxame-
beli

gliko-
geni

gliko-
geni
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4.5. sicocxlis araujreduli formebi – virusebi

virusi (laT. virus – Sxami) mikroskopuli nawilakia, romelic Sedgeba cilovani garsiT – kapsi-
diT garemoculi nukleinis mJavebis (dnm, rnm) erTi an ramdenime molekulisagan. yoveli saxis viru-
si nukleinis mJavebis mxolod erT tips, an rnm-s, anda dnm-s Seicavs. 

virusebi sicocxlis araujredovani formebia. isini obligaturi parazitebia, anu iseTi pa-
razitebia, romlebsac funqcionireba da gamravleba, anu sicocxlisaTvis damaxasiaTebeli ni-
SanTvisebebis gamovlena mxolod erT – an mravalujrediani organizmebis ujredebSi arsebobisas 
SeuZlia. virusebis mniSvnelovani nawili cocxal ujredSi moxvedrisas iwvevs ujredSi mimdinare 
cxovelqmedebis normaluri procesebis moSlas, xSir SemTxvevaSi ki – ujredis daRupvasa da orga-
nizmis daavadebas. 

virusuli nawilaki, romelsac virioni ewodeba, warmoadgens cilovan kapsulas – kapsids, 
romelic virusis genoms Seicavs. virusis genomi warmodgenilia dnm-s an rnm-s erTi an ramdenime 
molekulisagan. dnm-sa da rnm-s molekulebis formebi metad mravalferovania: arsebobs viruse-
bi, romlebic Seicavs wriuli an xazobrivi formis ormagspiralian dnm-s, erTjaWvian an orjaWvian 
rnm-s; erTjaWvian rnm-s or molekulas da a. S. kapsidi agebulia cilovani kompleqsebisagan – kap-
somerebisagan. nukleinis mJavasa da cilebis kompleqss nukleokapsidi ewodeba. zogierT viruss 
lipidebisagan Semdgari gare garsic aqvs. es garsi maspinZeli ujredis plazmuri membranis nawilia, 
romelic virionma ujredidan gamosvlisas miitaca. 

sxvadasxva saxis virusebis zomebi 20 nm-dan 500 nm-mde meryeobs. arsebobs iseTi virusebic, ro-
melTa zomebi 3000 nm-mdec ki aRwevs. virionebs xSirad cilindris, ikosaedris an sxva forma aqvs. 

virusebis agebulebis Seswavla mxolod eleqtronuli mikroskopiT aris SesaZlebeli. su-
raTze 4.43  moyvanilia Tam-
baqos mozaikuri daavadebis 
gamomwvevi virusis mikrofoto 
da misi sqematuri gamosaxule-
ba. am virusis nawilaks Rruiani 
cilindris forma aqvs. cilin-
dris kedeli agebulia kapsome-
rebisagan, siRrueSi ki virusis 
genomi – spiralurad daxveuli 
rnm-ia ganlagebuli. Tambaqos 
mozaikuri virusi Tambaqos 
foTlis ujredebSi moxvedri-
sas qloroplastebis daSlas da 
foTlis ujredebis SeWmuxvnas 
iwvevs (ix. paragrafi 7.5.1). 

adamianisa da cxovelebis 
infeqciis gamomwvevi viruse-
bis didi nawilis kapsidi iko-
saedris formisaa. ikosaedri 

ocwaxnaga mravalkuTxedia, romlis waxnagebi tolgverda samkuTxedebia. sferuli formisaa adamianis 
imunodeficitis virusi (sur. 4.44.), romelsac kafsidis garda garsic aqvs.

virusebis erT-erT formas baqteriofagebi (xSirad maT fagebi ewodeba) warmoadgens. isini 
baqteriebis ujredebs azianebs. fagebi baqteriis ujredebSi mravldeba da am ujredebis daSlas 
– liziss iwvevs (ix. paragrafi 7.5.1). nawlavis Cxiris (E. coli) baqteriofagi Sedgeba: a) ikosaedris 
formis Tavisagan, sadac genetikuri masala – dnm aris lokalizebuli, b) kumSvadi cilebisagan war-
moqmnili SaliTiT garemoculi Rru cilindris formis kudisagan, romelic eqvskuTxa firfitiT 
bolovdeba, g) 6 mokle da 6 grZeli Zafisagan (sur. 4.45). aseTi konstruqcia uzrunvelyofs fagis 
genetikuri masalis baqteriis ujredSi SeSxapunebas.

virusebiT ujredis inficirebis procesi ramdenime etaps moicavs:
1. ujredis membranasTan virionis dakavSireba.
2. ujredSi SeRweva. umetes SemTxvaSi ujredSi virionis genetikuri informaciis matarebeli 

molekula aRwevs. zogierT viruss ki ujredSi sakuTari cilebic gadaaqvs. gansxvavebulia ujredSi 
SeRwevis strategiebic. magaliTad, zogierTi saxis virusi Tavis rnm-s uSxapunebs maspinZlis 
ujreds, zogi virusi ki TviT maspinZlis ujreds endocitozis gziT gadaaqvs sakuTar citoplazma-
Si. aq lizosomebis gavleniT virionis deproteinizacia xdeba, ris Semdegac virusis rnm da cilebi 
lizosomidan citozolSi gadadis.

3. ujredis gadaprogramireba. inficirebisas ujredSi aqtivdeba virusisagan dacvis meqa-

sur. 4.43. Tambaqos mozaikuri daavadebis gamomwvevi virusis mikrofoto 
da  misi sqematuri gamosaxuleba.
1 – spiralurad daxveuli rnm, 2 - kapsidis Semadgeneli cilebi
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nizmebi. ujredi iwyebs spe-
cialuri nivTierebebis 
– interferonebis gamomu-
Savebas, rac mezobel janmr-
Tel ujredebs virusebisagan 
icavs. ujredSi virusebis 
gamravlebis SemTxvevaSi ki 
xdeba ujredis programire-
buli sikvdilis – apoptozis 
meqanizmebis CarTva. magram, 
aRsaniSnavia, rom mravali sa-
xis virusma SeiZina virusis 
sawinaaRmdego dacvis daTr-
gunvis unari. kerZod, virusi 
Trgunavs ujredisaTvis au-
cilebeli cilebis sinTezs, 
TviT virusis cilebis sinTe-
zi ki Tavisuflad mimdinare-
obs, anu adgili aqvs virione-
bis gamravlebas. 

virusebis gamravleba 
zogadad sam ZiriTadi pro-
cess moicavs: a) virusuli 
nukleinis mJavas replikacia,     
b) virusuli cilebis sinTezi da g) virionebis awyoba da ujredidan gamosvla. axladsinTezirebuli 
virusuli nukleinis mJava imoseba Sesabamisi cilebiT da maspinZlis ujreds tovebs.

Tu gamravlebuli virionebi erTdroulad tovebs ujreds, maSin es ukanaskneli ixliCeba da 
kvdeba; gamoTavisuflebuli virionebi ki sxva ujredebis inficirebas iwvevs. ase viTardeba e. w. li-
zisuri tipis infeqcia.

virusuli infqeciis meore tipia e. w. mdgradi, anu persistentuli infeqcia. am SemTxvevaSi 
axlad warmoqmnili virusebi TandaTanobiT toveben maspinZel ujreds, TviT ujredi ganagrZobs ar-
sebobas, gayofas, virusebi ki – gamravlebas.

infeqciis kidev erTi tipia faruli anu latenturi infeqcia. am SemTxvevaSi xdeba virusis 
genetikuri masalis ujredis qromosomebSi CaSeneba (integracia) da ujredis gayofis Semdeg viru-
sis dnm Svileul ujredebs gadaecema. garkveul pirobebSi latenturi virusi aqtivdeba, mravldeba, 
virionebi tovebs ujreds da Semdgom infeqcia an lizisuri, anda persistentuli tipiT viTardeba. 

virusebi mcenareebis, cxovelebisa da adamianis mravali infeqciuri daavadebis gamomwvevia. 
cnobilia, rom baqteriebiT gamowveul erT infeqciaze daaxloebiT 200 virusuli infeqcia modis.

virusebiTaa gamowveu-
li adamianis iseTi saSiSi daa-
vadebebi, rogorebicaa SeZeni-
li imunodeficitis sindromi 
(Sidsi), zogierTi onkogenuri 
daavadeba, cofi, poliomie-
liti da sxv. zogierTi viru-
suli epidemia SeiZleba mTel 
msoflioSi gavrceldes. cno-
bilia yvavilis, poliomieli-
tis, gripis pandemiebi. 

cxovelebis virusuli 
daavadebebia cofi, Turquli, 
ZaRlis Wiri, msxvilfexa rqo-
sani saqonlis leikozebi da 
sxv.

aRsaniSnavia, rom baqte-
riofagebi antibiotikebTan 
erTad gamoiyeneba baqteriu-
li infeqciebis samkurnalod. 

sur. 4.44 adamianis imunodeficitis virusi.
1 – transmembranuli glikoproteini, 2 – glikoproteini, 3 – lipiduri 
membrana, 4 – kapsidi, 5 – rnm, 6 – matriqsi, 7 – fermenti transkriptaza.

sur. 4.45. baqteriofagis agebulebis sqema (A) da
baqteriis ujredis garsze mimagrebuli fagebi (B)
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gansakuTrebul interess iwvevs virusebis cvalebadobis didi unari. magaliTad, Tambaqos mo-
zaikuri daavadebis virusis samocamde saxesxvaobaa cnobili, gripis gamomwvevi virusebi gaerTiane-
bulia A, B da C tipebSi, TiToeul tipSi ki mravali saxesxvaobaa cnobili. genetikuri cvalebadobis 
didi unariT xasiaTdeba adamianis imunodeficitis virusi. amitomaa Zalze gaZnelebuli am virusis 
sawinaaRmdego vakcinis Seqmna.

virusologiasa da molekulur biologiaSi mniSvnelovani movlena iyo Sebrunebuli 
transkripciis (ukutranskripciis) movlenisa da misi specialuri fermentis aRmoCena. es movle-
na mxolod rnm-s Semcveli virusebisTvisaa damaxasiaTebeli. Cveulebriv genetikuri informacia 
Semdegnairad gadaicema dnm → i-rnm → cila. rnm-s Semcveli virusebis Seswavlisas dadginda, rom 
genetikur informaciis gadacema sxva gziTac aris SesaZlebeli: rnm → dnm → i-rnm → cila. rogorc 
am sqemidan Cans, jer xdeba dnm-s sinTezi, sadac matricis rols virusuli rnm asrulebs. sinTezire-
buli dnm SeiZleba CaSendes maspinZeli ujredis qromosomaSi da ujredis gayofis Sedegad Taobidan 
Taobas gadaeces. ase xdeba genetikuri informaciis gadacema zogierTi avTvisebiani simsivnis rnm-s 
Semcvel virusebSi da adamianis imunodeficitis virusiT infeqciis SemTxvevaSi. 

4.6. qsovilebi

mravalujrediani organizmebis msgavsi agebulebisa da funqciebis mqone ujredebis da 
ujredTaSorisi nivTierebis erTian sistemas qsovili ewodeba. urTierTdakavSirebuli sxvadasxva 
qsovilisagan organoebia warmoqmnili. 

cxovelebis qsovilebisa da organoebis mikroskopul Senebas da ganviTarebas histologia 
Seiswavlis. jer kidev me-19 saukunis dasawyisSi mecnierebma SeimuSaves cxovelTa qsovilebis kla-
sifikacia, romelic qsovilis mikroskopuli Seswavlis monacemebs emyareboda. ganasxvavebdnen 
qsovilebis 4 tips: epiTelurs, SemaerTebels sisxlTan erTad, kunTovansa da nervuls. dReisaTvis 
cxovelebisa da adamianis organizmis qsovilebis 5 jgufs gamoyofen. esenia: epiTeluri qsovilebi, 
sisxli da limfa, SemaerTebeli qsovilebi, kunTovani qsovilebi da nervuli qsovili.

mcenareTa samefoSi qsovilebi yvelaze ufro srulyofilad farulTeslovanebSia ganviTare-
buli. yvavilovani mcenareebis qsovilebia: warmomSobi (meristema), mfaravi, meqanikuri, gamtari, 
ZiriTadi da sekretoruli.

4.6.1. cxovelebisa da 
adamianis qsovilebi

epiTeluri qsovilebi
epiTeluri qsovili anu 

epiTeliumi faravs sxeulis 
zedapirs, serozul garsebs, 
amofens Sinagan organoTa 
(kuWis, nawlavebis, Sardis bu-
Stis da sxv.) kedlis Siga ze-
dapirs. epiTeluri qsovili 
qmnis jirkvlebis umetesobas.

epiTeliumi mosazRvre 
qsovilia. amitom qveSmdeba-
re qsovilebis qimiuri, meqa-
nikuri, siTburi da sxva saxis 
mavne zemoqmedebisagan dacva-
sTan erTad, satrnsporto 
funqciasac asrulebs. epiTe-
luri ujredebis saSualebiT 
mimdinareobs nivTierebaTa 
cvla organizmsa da garemos 
Soris. magaliTad, nawlavis 
epiTeliumis ujredebis mier 
xdeba sakvebi nivTierebebis 
(monosaqaridebis, aminmJave-
bis, cximovani mJavebis, wylis, 
mineraluri marilebis da a.S.) 
nawlavis sanaTuridan SeTvi-

sur. 4.46. epiTeluri ujredis agebulebis sqema. 
1 – birTvi, 2 – mitoqondria, 2a – goljis kompleqsi, 3 – tonofibrilebi,
4A – mikroxaoebi, 4b – Semwovi yaeTani, 4c – wamwamebi, 5A – mWidro kontaqti,
5b – desmosomebi, 6A – citoplazmis invaginacia, 6b – naxevraddesmosoma, 
7 – bazaluri membrana, 8 – SemaerTebeliqsovili, 9 – sisxlZarRvovani kapilari.
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seba da sisxlisa da limfisaken gadatana; Tirkmlis epiTeliumiT gamoiyofa Sar-
dovana da organizmisaTvis uvargisi sxva produqtebi; filtvis epiTeliumis 
ujredebis gavliT mimdinareobs filtvis alveolebSi arsebul haersa da sisxl-
ZarRvovan kapilarebs Soris Jangbadisa da naxSirorJangis gadatana. 

gansakuTrebul funqcias asrulebs jirkvlebis SenebaSi monawile epiTe-
liumi. mas aqvs specifiuri nivTierebebis – sekretebis warmoqmnisa da gamoyofis 
unari, amitom aseTi saxis epiTeliums sekretoruli epiTeliumi ewodeba. maT mier 
gamomuSavebuli da gamoyofili nivTierebebi mniSvnelovan gavlenas axdens orga-
nizmSi mimdinare sasicocxlo procesebze. es sakiTxi wignis momdevno nawilebSia 
ganxiluli.

epiTeliums, warmoSobisa da Sesasrulebeli funqciebis mixedviT, sxva-
dasxva morfologiuri da fiziologiuri Tvisebebi axasiaTebs. amasTanave sxva-
dasxva saxis epiTeliums aqvs saerTo damaxasiaTebeli niSnebic, romlebiTac is 
sxva qsovilebisagan gamoirCeva. kerZod, 1. epiTelur qsovilSi ujredTaSoris 
sivrces Zalze mcire moculoba ukavia. 2. epiTeluri qsovilis ujredebi anu epi-
Teliocitebi erTmaneTTan sxvadasxva saxis specializebuli ujredSorisi kon-
taqtebiTaa dakavSirebuli. aseTebia: desmosomebi, mWidro kontaqtebi, naprali-
sebri kontaqtebi da sxv. 3. epiTeliumi ganlagebulia bazalur membranaze, romlis qveSac wvrili 
sisxlZarRvebiT mdidari faSari SemaerTebeli qsovilia. 4. epiTeliumi ar Seicavs sisxlZarRvebs 
da misi kveba xorcieldeba bazaluri membranis qveS mdebare SemaerTebeli qsovilis mxridan. 5. epi-
Teliumi polarobiT xasiaTdeba, misi bazaluri da apikaluri nawilebi sxvadasxva agebulebisaa. 6. 
epiTeliumi gamoirCeva regeneraciis didi unariT.

epiTeliocitebSi gamoyofen or nawils: bazalurs, romelic qveSmdebare qsovilebiskenaa mi-
marTuli, da apikalurs, romelic epiTeliumis Tavisufali zedapirisaken aris mimarTuli (sur. 
4.46). 

epiTeliocitebSi garda im organoidebisa, romelic yvela eukariotuli ujredisaTvis aris 
damaxasiaTebeli, warmodgenilia specializebuli organoidebi: mikroxaoebi, wamwamebi da Sol-
tebi (sur. 4.46).

mikroxaoebi warmoadgens ujredis apikaluri zedapiris uwvriles TiTisebr gamonazardebs, 
romelTa sigrZe daaxloebiT 1 mkm-ia. mikroxaoebi gansakuTrebiT didi raodenobiTaa Sewovis una-
ris mqone epiTeliocitebSi (nawlavis, Tirkmlis epiTeliumi). isini ujredis Tavisufal zedapirze 
warmoqmnis Semwov yaeTans. mikroxaoebi mniSvnelovnad adidebs ujredis Semwov zedapirs.

wamwamebi damaxasiaTebelia e. w. mocimcime ujredebisaTvis. am ujredebis apikalur zedapir-
ze arsebuli wamwamebis mudmivi moZraobis meSveobiT warmoiqmneba siTxis nakadi, romelTan erTad 
SeiZleba gadaadgildes sxvadasxva nawilaki da ujredi (ix. paragrafi 3.3.14). 

epiTeliumis qveda nawili esazRvreba Txel, daaxloebiT 1 mkm sisqis mqone firfitas, ro-
melsac bazaluri membrana ewodeba. bazaluri membrana Sedgeba amorfuli ZiriTadi nivTierebi-
sa da wvrili fibrilebiT mdidari Sreebisagan. bazaluri membranis 
meSveobiT qveSmdebare SemaerTebeli qsovilis kapilarebSi gamavali 
sisxlidan epiTeliocitebs sakvebi nivTierebebi miewodeba, xolo epi-
Teluri ujredebidan sisxlSi daSlis produqtebi gadadis. bazaluri 
membrana xels uSlis organizmis siRrmeSi epiTeliumis Cazrdas. epi-
TeliumSi avTvisebiani simsivnis ganviTarebisas bazaluri membrana 
iSleba, avTvisebiani ujredebi qveSmdebare qsovilebSi Caizrdeba da 
mravldeba.

epiTelur qsovilebSi mezobeli ujredebis lateralur zedapi-
rebs Soris warmoqnmilia specializebuli ujredTaSorisi kontaqte-
bi. arCeven aseTi kontaqtebis sam ZiriTad tips: mWidro kontaqtebs, 
desmosomebs da napralian kontaqtebs

mWidro kontaqti warmoqmnilia mezobeli epiTeliocitebis 
lateraluri zedapiris plazmuri membranebis Soris (sur. 4.47). mWi-
dro kontaqtiT ujredis perimetri mTlianad aris Semosartylu-
li. kontaqtis ubanSi mezobeli ujredebis plazmur membranebs aqvT 
erTmaneTTan Serwymuli gamoSverilobebi. mWidro kontaqtebis abr-
kolebs Tavisufali zedapiridan ujredTaSoris sivrceSi, iqidan ki 
organizmSi, nivTierebaTa SeRwevas. 

desmosomebSi mezobeli ujredebis plazmuri membranebi 
ujredTaSoris sivrceSi arsebuli specialuri nivTierebebiT erTma-
neTTan mtkicedaa Sewebebuli. ganarCeven sartylisebr da laqasebr 

sur. 4.47. mWidro 
kontaqtis sqema 
1 – sanaTuri, 
2 – mWidro kon-
taqti, 
3 – ujredTa-
Sorisi sivrce

sur. 4.48. laqasebri desmoso-
mis sqema
1 _ plazmur membranasTan    
dakavSirebuli mkvrivi masala,
2 _ wvrili filamentebi,
3 – ujredTaSorisi sivrce.
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desmosomebs. (sur. 4.48). desmosomis ubanSi plazmuri membranis ci-
toplazmisaken mimarTuli zedapiri gasqelebulia da masTan dakavSi-
rebulia wvrili filamentebi.

garda zemoT aRwerili desmosomebisa, epiTeluri ujredebis 
plazmuri membranis bazalur membranasTan mosazRvre ubnebSi gaaCnia 
naxevraddesmosomebi (sur. 4.49).

napraliani kontaqtebis saSualebiT mezobel ujredebs Soris 
damyarebulia metaboluri da eleqtruli kavSiri. napralian kon-
taqtebSi, mWidro kontaqtebisagan gansxvavebiT, 
momijnave ujredebis plazmuri membranebi erTma-
neTs ar erwymis. maT Soris 2 nm-mde sisqis manZilia 
(sur. 4.50).

ujredTaSorisi specializebuli kontaqte-
bis did mniSvnelobaze miuTiTebs Tundac is ga-
remoebebi, rom mWidro kontaqtebis ararsebobis 
SemTxvevaSi toqsikuri nivTierebebi nawlavis sa-

naTuridan organizmis Sinagan garemoSi moxvdeboda, desmosomebis gareSe kani 
advilad daiSleboda calkeul fragmentebad, xolo napralisebri kontaqtebis 
gareSe gulis muSaoba SeuZlebeli iqneboda.

ganarCven erTSrian da mravalSrian epiTeliums. pirvel maTganSi yvela 
ujredi bazalur membranazea ganlagebuli, meore SemTxvevaSi ki bazalur membra-

naze mxolod ujredTa qveda Sre lagdeba.
ujredebis formis mixedviT arCeven brtyel, kubur da cilin-

drul epiTeliums. magaliTad, erTSriani brtyeli epiTeliumiT 
(sur. 4.51) aris amofenili plevris furclebi, gulis perangis da 
peritoneumis zedapirebi. erTSriani kuburi epiTeliumiTaa amo-
fenili Tirkmlis milakebis Sida zedapiri, jirkvlebis (magaliTad, 
RviZlis da pankreasis) gamomtani sadinrebis ganStoebani, filtvis 
uwvrilesi totebi. erTSriani cilin-
druli epiTeliumiTaa (sur. 4.52) amo-
fenili kuWis, wvrili da msxvili nawla-
vebis Siga zedapiri, naRvlis buStis, 
RviZlisa da pankreasis sadinrebis, sa-
Svilosnosa da kvercxsavalebis Siga 

zedapiri. erTSriani mocimcime epiTeliumiT (sur. 4.53) amofenilia 
sasunTqi gzebi da sasqeso sistemis zogierTi nawili. am ujredebis 
apikaluri boloebi mravali mocimcime wamwamiTaa dafaruli.

mravalSriani epiTeliumi Sedgeba ujredebis mravali Srisagan, 
romelTagan bazalur membranasTan mxolod yvelaze Qqveda Srea da-

kavSirebuli. epiTliumis mravalSria-
ni agebuleba Seesabameba organizmSi 
mis damcvelobiT funqcias. arsebobs 
mravalSriani epiTeliumis sami saxe: 
gaurqovanebeli, garqovanebuli da 
gardamavali.

mravalSriani brtyeli gaurqovanebeli epiTeliumi garedan 
faravs Tvalis rqovanas, amofens piris Rrusa da saylapavs. xolo 
mravalSriani brtyeli garqovanebuli epiTeliumiTaa (sur. 4.54) 
dafaruli kanis zedapiri. misi zeda Sris ujredebi garqovanebulia. 
meqanikuri zemoqmedebisa da garemos araxelsayreli faqtorebis 
gavleniT garqovanebuli ujredebi gamudmebiT iqercleba, magram 
qveda SreebSi ganlagebuli ujredebis swrafi gamravlebis xarjze 
xdeba ujredebis danaklisis Sevseba.

gardamavali epiTeliumiTaa amofenili iseTi organoebi, ro-
melTa kedlebi mniSvnelovnad iWimeba (magaliTad, Sardis buSti Sar-
diT Sevsebis dros). gardamavali epiTeliumis sisqe da Seneba cvale-
badia da damokidebulia organos mdgomareobaze (gaWimulia Tu ara 
misi kedlebi, sur. 4.55).

jirkvlovani epiTeliumi. jirkvlebis umetesoba jirkvlovani 

sur. 4.49. naxevraddesmosomis 
sqema
1 _ plazmur membranasTan    
dakavSirebuli mkvrivi masala,
2 _ wvrili filamentebi,
3 – bazaluri membrana, 
4 – SemaerTebeli qsovili.

sur. 4.50. napra-
liani kontaqtis 
sqema 
1 – ujredTa-
Sorisi sivrce, 
2 – napraliani 
kontaqtis ubani

sur. 4.51. erTSriani brtyeli
epiTeliumis sqema 
1 – epiTeliociti, 
2 – bazaluri membrana, 
3 – SemaerTebeli qsovili.

sur. 4.52. erTSriani cilin-
druli
epiTeliumis sqema 
1 –mikroxaoebi, 
2 – epiTeliocitis birTvi, 
3 – bazaluri membrana,
4 – SemaerTebeli qsovili

sur. 4.53.
erTSriani mravalrigiani mo-
cimcime
epiTeliumis sqema
1 – mocimcime wamwamebi,
2 – fialisebri ujredebi,
3 – mocimcime ujredebi,
4, 5 – CarTuli ujredebi,
6 – bazaluri membrana,
7 – SemaerTebeli qsovili.
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epiTeliumis warmoebulia. jirkvlebis nawili damoukidebeli, ana-
tomiurad gaformebuli organoebia (magaliTad, kuWqveSa jirkvali, 
farisebri jirkvali), zogi jirkvali ki organos nawils warmoadgens 
(magaliTad, kuWisa da nawlavebis jirkvlebi).

ganarCeven jirkvlebis or ZiriTad tips: gare da Siga sekreciis 
jirkvlebs. gare sekreciis anu ekzokrinul jirkvlebs aqvs sadinari, 
romlis meSveobiTac jirkvlovani ujredebis mier gamomuSavebuli 
sekretebi sxeulis zedapirze an Sinagani organos RruSi gamoiyofa 
(sur. 4.56). ekzokrinulia saWmlis momnelebeli wvenebis gamommuSave-
beli, saofle, sacremle, sarZeve da sxva jirkvlebi.

ekzokrinuli jirkvlebSi or ZiriTad epiTelur komponents 
ganarCeven. pirveli komponenti Sedgeba specializebuli sekre-
toruli ujredebis grovebisagan, romlebic asinTezebs mocemuli 
jirkvlisaTvis damaxasiaTebel sekrets. ekzokrinuli jirkvlebis 
meore komponentia milis formis sadinari, romlis meSveobiT sekre-
ti jirkvlidan gamoiyofa. ganarCeven martivsa da rTul jirkvlebs. 
martiv jirkvals erTi dautotavi sadinari aqvs. Tu jirkvals sadin-
rebis datotvili sistema aqvs, mas rTuli jirkvali ewodeba.

Siga sekreciis anu endokrinul jirkvlebs gamomtani sadina-
ri ara aqvs da maT mier gamomuSavebuli sekretebi uSualod sisxlSi 
gadadis. amitomaa, rom endokrinul jirkvlebSi sekretoruli ujre-
debi an kapilarebis gaswvrivaa ganlagebuli, anda ujredebis grovebs 
gars akravs kapilarebis wnuli (sur. 4.52). aseTebia: farisebri, Tir-
kmelzeda jirkvlebi, hipofizi da sxv.

endokrinuli jirkvlebi gamoimuSavebs maRalaqtiur da speci-
fiur naerTebs – hormonebs. hormonebi rTuli agebulebis nivTie-
rebebia, romelTa Zalze mcire raodenobac ki nivTierebaTa cvlis, 

organoTa 
sistemebis 
f u n q c i e -
bisa da, 
zogjer, agebulebis specifiur cvlile-
bebs iwvevs.

zogierTi jirkvali asrulebs ro-
gorc gare, aseve Siga sekreciis funqcias, 
anu jirkvlis nawils aqvs specialuri sa-
dinari, romlis meSveobiTac jirkvlovan 
ujredebSi gamomuSavebuli nivTierebebi 
gamoiyofa, jirkvlis sxva nawilis mier 
gamomuSavebuli hormonebi ki uSualod 
sisxlSi gamoiyofa. aseTebia, magali-
Tad, kuWqveSa jirkvali anu pankreasi da 

RviZli. sxvadasxva saxis jirkvlebis age-
buleba da funqciebi wignis momdevno na-
wilebSia ganxiluli.

sisxli
sisxli, limfasTan da qsovilur 

siTxesTan erTad, organizmis Sinagan 
garemos Seadgens da cxovelqmedebis 
procesebisaTvis optimalur pirobebs 
uzrunvelyofs. sisxli, limfa da qsovi-
luri siTxe funqciurad erTmaneTTan 
mWidrodaa dakavSirebuli.

sisxli Sedgeba ujredTaSorisi 
Txevadi nivTierebisagan – plazmisagan 
da masSi Sewonili formiani elemente-
bisagan: eriTrocitebis, leikocitebis 
da sisxlis firfitebisagan (sur. 4.57) 

sur. 4.54. mravalSriani brty-
eli garqovanebeli epiTeliu-
mis sqema 
1 – garqovanebuli Sre,
2 – priala Sre, 
3 – marcvlovani Sre, 
4 – wvetiani ujredebis Sre, 
5 – bazaluri Sre,
6 – bazaluri membrana, 
7 –SemaerTebeli qsovili.

sur. 4.55. gardamavali epiTeliumis sqema
A – organos kedeli ar aris gaWimuli, 
B – organos kedeli gaWimulia. 
1 – gardamavaliepiTeliumi, 2 – SemaerTebeli qsovili.

sur. 4.56. ekzokrinuli (A) da endokrinuli (B) jirkvlebis 
sqema
1 – glandulociti, 2 – sekretoruli granulebi, 
3 –sadinari, 4 – mfaravi epiTeliumi, 
5 – SemaerTebeli qsovili, 6 – sisxlZarRvi.
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plazmas sisxlis moculobis 55-60% ukavia, ujredebs ki _ 40-45%.
sisxlis ZiriTadi funqciebia: 1. satransporto _ sakvebi nivTierebebisa da Jangbadis mitana 

sxvadasxva organoebamde, naxSirorJangis gadatana organoebidan filtvebSi, nivTierebaTa cvlis 
Sedagad warmoqmnili organizmisaTvis uvargisi da mavne produqtebis mitana gamomyof organoe-
bamde, hormonebis gadatana; 2. damcvelobiTi _ humoruli da ujreduli imunitetis uzrunvelyo-
fa; 3. homeostazis uzrunvelyofa.

sisxlis plazma Txieri ujredTaSorisi nivTierebaa, romlis daaxloebiT 90% wyalia, danar-
Ceni ki sxvadasxva organuli nivTierebebi da mineraluri marilebia, agreTve nivTierebaTa cvlis 
saboloo produqtebi _ Sardovana, Sardis mJava, kreatinini, bilirubini da sxva. plazmis 6-8% ci-
lebia, 0,9%-mde mineraluri marilebi, 0,1-0,3% naxSirwylebi, 0,8%-mde cximebi da sxv. plazmis Ziri-
Tadi cilebia albuminebi, globulinebi da fibrinogeni. sisxlis plazmas aqvs susti tute reaqcia 
(pH daaxl. 7,36-ia).

sisxlis formiani elementebi
eriTrocitebi. adamianis eriTrocitebi ubirTvo ujredebia. maT gamravlebis unari ar ga-

aCnia. eriTrocitebs 
ZiriTadad sunTqvi-
Ti funqcia akisria _ 
maT Jangbadi da naxSi-
rorJangi gadaaqvT. am 
funqcias asrulebs he-
moglobini, romelic 
Sedgeba cilovani nawi-
lisagan _ globinisa-
gan da masTan dakavSi-
rebuli pigmentisagan 
_ hemisagan. garda Jan-
gbadis transporti-
rebisa, eriTrocitebi 

sur. 4.57. adamianis sisxlis nacxi. 
a - eriTrocitebi, b - neitrofili, c - eozinofili, d - limfociti.

sur. 4.58. neitrofilis (A), eozinofilisa
(B) da bazofilis (C) agebulebis sqemebi. 
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monawileobs aminomJavebis, antisxeulebis, toqsinebis ga-
datanaSi (am nivTierebebis plazmuri membranis zedapirze 
adsorbciiT). mamakacebis sisxlis 1 mkl-Si 3,9-5,5 milioni 
eriTrocitia, qalebis sisxlSi ki – 3,7-4,9 milioni.

sisxlis nakadSi adamianis eriTrocitebs ormxriv 
Cazneqili diskos forma aqvs. kapilarSi gavlisas eriTro-
citi icvlis formas _ viwrovdeba da grZeldeba. norma-
lur pirobebSi eriTrocitebis diametri daaxloebiT 7_8 
mkm-ia. eriTrocitebis 66%-s wyali Seadgens, 36% ki mSra-
li nivTierebebia, aqedan 95% hemoglobinia.

adamianis eriTrocitebi daaxloebiT 120 dRes 
cocxlobs. mkvdari eriTrocitebi sisxlis nakadidan elenTaSi, Zvlis tvinsa da RviZlSi gamoitane-
ba. axali eriTrocitebis warmoqmna Zvlis wiTel tvinSi mimdinareobs.

mdgomareobas, rodesac sisxlSi hemoglobinis raodenoba daklebulia, anemia ewodeba. es 
movlena dakavSirebulia an eriTrocitebis raodenobis, anda eriTrocitebSi hemoglobinis raode-
nobis SemcirebasTan. arsebobs anemiis gamomwvevi mravali mizezi. ase magaliTad, Zvlis tvinis dege-
neraciuli cvlilebebiTaa ganpirobrbuli e. w. aplastiuri anemia, eriTrocitebis gaZlierebuli 
daSliT _ hemolizuri anemia, organizmSi rkinis ukmarisobiT - rkinadeficituri anemia, B12 

vita-
minis naklebobiT _ avTvisebiani anemia, SxamebiTa da mowamvliT _ toqsiuri anemia da a.S..

leikocitebi. adamianis sisxlis leikocitebi morfologiurad metad mravalferovania. 
leikocitebi or ZiriTad jgufad iyofa: 1. marcvlovani leikocitebi anu granulocitebi da 2. 
aramarcvlovani leikocitebi anu agranulocitebi.

marcvlovani leikocitebis citoplazmaSi moTavsebulia sxvadasxva saxis specifiuri 
marcvlebi, ujredis birTvi danawevrebulia. granulocitebis nawili kargad iRebeba mJave saReba-
vebiT, amitom maT eozinofiluri granulocitebi (SemoklebiT – eozinofilebi) ewodeba. tute sa-
Rebavebis mimarT mgrZnobiare leikocitebs bazofiluri granulocitebi (bazofilebi) ewodeba. 
neitrofiluri granulocitebi (neitrofilebi) ki orive saxis saRebavebiT iRebeba (sur. 4.58).

agranulocitebi iyofa limfocitebad da monocitebad (sur. 4.59).
adamianis sisxlis 1 mkl-Si 3800-9000 leikocitia. leikocitebs aqtiuri gadaadgilebis _ ame-

boiduri moZraobis unari aqvs. maT SeuZlia gaaRwion sisxlZarRvebis kedelSi da sisxlis nakadi-
dan SemaerTebel qsovilSi gadavides. am process diapedezi ewodeba. diapedezi ase xorcieldeba: 
leikociti emagreba wvrili sisxlZarRvis kedels da cru fexebiT, anu fsevdopodiebiT SeiWreba 
ujredebs Soris arsebuli kontaqtis ubanSi, Semdgom ujredi mTlianad “gaZvreba” sisxlZarRvis ke-
delSi da moxvdeba SemaerTebel qsovilSi, saidanac im adgilisaken miemarTeba, sadac Tavisi funqcia 
unda ganaxorcielos. leikocitebis moZraobis mimarTuleba bevr faqtorzea damokidebuli, maTgan 
mniSvnelovania qemotaqsisi _ qimiuri gamRizianeblis zegavleniT gamowveuli moZraoba.

neitrofilebi moZravi ujredebia. isini did rols TamaSobs anTebiTi procesis ganviTarebaSi.
process, romelic viTardeba qsovilSi masze mavne agentis zemoqmedebisas, anTeba ewodeba. 

mwvave anTebis ubnisaTvis damaxasiaTebelia siwiTle, Madgilobrivi temperaturis momateba, SeSupe-
ba, tkivili, funqciis gauareseba an dakargva. organizmis sxvadasxva nawilSi ganviTarebuli anTebis 
samedicino enaze aRsaniSnavad im organos an qsovilis saxelwodebas, sadac anTebaa ganviTarebuli, 
emateba sufiqsi “iti”. magaliTad, nazofaringiti _ cxvirxaxis lorwovanas anTebas ewodeba, koli-
ti - msxvili nawlavis lorwovanas anTebas, cistiti _ Sardis buStis anTebas da sxv.).

organizmis romelime nawilSi damazianebeli agentis (magaliTad, paTogenuri baqteriebis) 
moxvedrisas sisxlZarRvebSi sisxlis nakadi Zlierdeba, dazianebul ubanSi sisxlis plazmis Semadge-
neli komponentebi gaJonavs, amas Tan axlavs leikocitebis sisxlZarRvebidan qsovilSi gadasvla da 
maT mier mikrobebis STanTqma. amitom neitrofilebs makrofagebs uwodeben. Tu ujredSi STanTqmu-
li masala ar daiSleba, neitrofilebi iRupeba. mkvdari leikocitebisa da inficirebuli qsovilis 
daSlis produqtebis dagroveba iwvevs moyviTalo-moJangisfro naxevradTxevadi masalis _ Cirqis 
warmoqmnas. sxvadasxva infeqciis dros leikocitebis raodenoba izrdeba, am movlenas leikocitozi 
ewodeba.

eozinofilebi neitrofilebze msxvili ujredebia. maTi raodenoba leikocitebis saerTo 
raodenobis 1-5%-s Seadgens. eozinofilebis citoplazma amovsebulia specifiuri granulebiT. isi-
ni hidrolizur fermentebs Seicavs. eozinofilebs fagocitozis unari gaaCnia, isini ucxo cilaze 
reagirebs da alergiul reaqciebSi monawileobs. 

bazofilebi leikocitebis saerTo raodenobis 0,5-1,0%-s Seadgens. es ujredebi sisxlis Se-
dedebaSi da sisxlZarRvebis ganvladobis regulaciaSi monawileobs. bazofilebs, neitrofilebisa 
da eozinofilebis msgavsad, sisxlis nakadidan anTebis kerisaken migraciisa da fagocitozis unari 
gaaCnia.

sur. 4.59. limfocitisa (A) da monocitis 
(B) agebulebis sqemebi



84.

Tavi  4

limfocitebi. am ujredebis 
saxelwodebas safuZvlad udevs is ga-
remoeba, rom sisxlis ujredebidan mxo-
lod isini gvxvdeba didi raodenobiT 
rogorc sisxlSi, aseve limfaSi. janmr-
Teli adamianebis sisxlSi limfocitebi 
leikocitebis saerTo raodenobis 20-
40%-s Seadgens. limfocitebi imunur 
procesebSi monawileobs. 

monocitebi leikocitebis saerTo 
raodenobis 2-8%-s Seadgens. leikoci-
tebs Soris isini yvelaze msxvili ujre-
debia. monocitebi sisxlis nakadidan 
qsovilSi gamosvlis Semdeg isini makro-
fagebad diferencirdeba.

sisxlis firfitebi. ZuZumwovre-
bis sisxlis firfitebi Zvlis tvinis gi-
ganturi ujredebis - megakariocitebis 
ubirTvo fragmentebia. yoveli firfita 
plazmuri membraniT aris Semofarglu-
li. sisxlis 1 mkl-Si 200000-300000 fir-
fitaa. ZuZumwovrebisagan gansxvavebiT 
frinvelebis sisxli Seicavs birTvian 
mcire zomis ujredebs - Trombocitebs, 
romlebic igive funqcias asrulebs, ra-
sac adamianis sisxlis firfitebi. ami-
tomaa, rom sisxlis firfitebs zogjer 
T r o m b o -

citebad moixsenieben. sisxlis firfitebi sisxlis SededebaSi monawi-
leobs. 

limfa Sedgeba moyviTalo feris cilovani bunebis siTxis - 
limfoplazmisa da mcire raodenobiT formiani elementebisagan. 
qimiuri SedgenilobiT limfoplazma sisxlis plazmas uaxlovde-
ba, magram nakleb cilebs Seicavs. formiani elementebi ZiriTadad 
limfocitebiT da SedarebiT mcire raodenobiT sxva saxis leikoci-
tebiT aris warmodgenili, iSviaTad aq eriTrocitebic gvxvdeba.

limfa limfur kapilarebSi warmoiqmneba. limfur kapilarebSi 
sxvadasxva faqtorebis (osmosuri wneva, kapilarebis ganvladoba da 
sxv.) zemoqmedebiT mudam Sedis limfoplazmis Semadgeneli komponen-
tebi. kapilarebidan limfa periferiul limfur ZarRvebSi gadadis, 
Semdeg limfuri kvanZebis gavliT msxvil limfur ZarRvebSi xvdeba; es 
ukanaskneli ki sisxlZarRvebs uerTdeba. 

SemaerTebeli qsovilebi
qsovilTa am tips miekuTvneba sakuTriv SemaerTebeli qsovile-

bi, specialuri Tvisebebis mqone SemaerTebeli qsovilebi da ConCxis 
SemaerTebeli qsovilebi.

SemaerTebeli qsovilebi gamoirCeva ujredTa mravalgvarobi-
Ta da kargad ganviTarebuli ujredTaSorisi nivTierebiT, romel-
sac qsovilis moculobis ZiriTadi nawili uWiravs. sxvadasxva saxis 
SemaerTebeli qsovilis ujredSorisi nivTiereba erTmaneTisagan 
gansxvavdeba da SeiZleba qvasaviT mkvrivi, labisebri, an Txevadi iyos.

gamoyofen sakuTriv SemaerTebeli qsovilebis or jgufs – fa-
Sarsa da mkvrivs.

faSari SemaerTebeli qsovili (sur. 4.60) praqtikulad yvela 
organoSi gvxvdeba – is Tan sdevs yvela diametris sisxlisa da limfur 
ZarRvebs. sxeulis romelime ubanSi daavadebis gamomwvevi anu paToge-
nuri mikrobebis SeWra iwvevs anTebiT process, romelic swored fa-
Sar SemaerTebel qsovilSi viTardeba. faSar SemaerTebel qsovilSi 
ramdenime saxis ujredebs vxvdebiT. aseTebia: a) e.w. fibroblastebi, 

sur. 4.60. faSari SemaerTebeli qsovilis sqematuri gamosax-
uleba 
1 – makrofagi, 2 – ujredTaSorisi amorfuli nivTiereba, 3 – 
plazmociti,  4 – cximovani ujredi, 5 –sisxlZarRvi, 
6 – gluvkunTovani ujredi,  7, 8 –kapilaris ujredebi, 
9 – fibroblasti, 10 – elastiuri boWko,  11 – foyieri ujredi, 
12 – kolagenuri boWko.

sur. 4.61. Zvlovani ujredis 
agebulebis sqema. 
1 – ujredis morCebi, 
2 – birTvi,
3 – endoplazmuri bade, 
4– goljis kompleqsi, 
5 – mitoqondria, 
6 – Zvlovani CaRrmaveba.
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romlebSic boWkovani cilis sinTezi mimdinareobs, b) fagocitozis 
unaris mqone ujredebi – makrofagebi, g) cximovani ujredebi, rom-
lebSic didi raodenobiTaa dagrovili samarago cximi da sxv.

faSari SemaerTebeli qsovilis ujredTaSorisi sivrce Sedgeba 
sxvadasxva Sedgenilobis, diametrisa da sigrZis boWkoebis xlarTebi-
sa da ZiriTadi nivTierebisagan, Fromelic labisebria da avsebs ujre-
debsa da boWkoebs Soris arsebul sivrces. ZiriTadi nivTiereba mona-
wileobs nivTierebaTa cvlis produqtebis gadatanaSi ujredebsa da 
sisxls Soris. ZiriTad nivTierebas meqanikuri da sayrdeni funqciac 
akisria. 

mkvriv SemaerTebel qsovilSi boWkoebi ufro mkvrivad lagde-
ba, boWkoebs Soris gafantul ujredTa raodenoba mcirea. aseT qso-
vils miekuTvneba myesebi, romlebic Sedgeba msxvili, mkvrivad Cala-
gebuli urTierTparaleluri boWkoebis konebisagan. konebs Soris 
ujredebi da ZiriTadi nivTierebaa.

specialuri Tvisebebis SemaerTebeli qsovilebs miekuTvneba 
cximovani, lorwovani, pigmenturi da sxva saxis qsovilebi.

cximovani qsovili cximovani ujredebis grovas warmoadgens. 
cximovani qsovili lagdeba kanqveS, badeqonSi. cximovani ujredebis 
citoplazma TiTqmis mTlianad cximis wveTebiT aris Sevsebuli. cxi-
movani qsovili, samarago funqciis garda, organizmsa da sxvadasxva 
organoebs dartymebisa da siTbos dakargvisagan icavs. 

lorwovani SemaerTebeli qsovili mxolod CanasaxisaTvisaa 
damaxasiaTebeli. 

pigmenturi SemaerTebeli qsovili didi raodenobiT Seicavs 
pigmentur ujredebs – melanocitebs.

ConCxis SemaerTebel qsovilebs warmoadgens Zvali da xrtili.
ZvalSi ujredTaSorisi nivTiereba qvasaviT mkvrivia. misi Sedgenilobis 70% araorganul 

naerTebze modis. organuli nivTierebebidan aq ZiriTadad cilebi da lipidebia. UujredTaSoris 
nivTierebaSi organuli komponenti Zvlis elastiurobas, araorganuli ki - simagres ganapirobebs.

Zvlovani ujredebi Zvlis ujredSoris sivrceSi arsebul e.w. Zvlovan CaRrmavebebSia ganlage-
buli (sur. 4.61). es CaRrmavebebi erTmaneTTan wvrili arxebiTaa dakavSirebuli. Zvlovani CarRmave-
bebSi da arxebSi qsoviluri siTxea, romlis meSveobiTac mimdinareobs nivTierebaTa cvla Zvlovan 
ujredebSa da sisxls Soris. 

xrtili Sedgeba xrtilovani ujredebisa da ujredTaSorisi nivTierebisagan. xrtilovani 
qsovilis 80%-s wyali Seadgens, 10-15%-s – organuli naerTebi, 4-6%-s – mineraluri marilebi. sa-
kuTriv xrtilovani qsovili sisxlZarRvebs ar Seicavs da xrtilsazrdeladan difuziiT ikvebeba.

ganarCeven sami saxis xrtils – hialinurs, elastiursa da boWkovans.
hialinuri xrtili gvxvdeba neknebisa da mkerdis Zvlis SeerTebis adgilas, haergamtar gzeb-

Si, saxsrebis zedapirze. elastiuri xrtili gvxvdeba ZuZumwovrebis yuris niJaraSi. boWkovani xr-
tili qmnis malaTaSoris diskebs. mis ujredTaSoriss mkvrivi SemaerTebeli qsovili warmoadgens, 
romlis CaRrmavebebSi xrtilis ujredebia.

Zvali da xrtili cxovelebis sxeulis sayrdens qmnis – Zvlebisa da xrtilebisagan Sedgeba 
xerxemlianebis ConCxi.

kunTovani qsovilebi
kunTovani qsovilebis saerTo niSan_Tvisebaa agznebado-

bisa da kumSvadobis unari. ganarCeven gluv, ConCxis ganivzo-
lian, gulis ganivzolian da specializebul kunTovan qso-
vilebs. nebismieri saxis kunTovani qsovilis ujredebisaTvis 
damaxasiaTebelia mitoqondriebisa da specialuri daniSnule-
bis organoidebis – wvrili boWkoebis, anu miofibrilebis ar-
seboba.

gluvi kunTovani qsovili monawileobs saWmlis momnele-
beli milis, filtvebisa da bronquli xis, Sard-sasqeso sistemis 
organoebis, sisxlisa da limfuri ZarRvebis kedlis SenebaSi da 
maTi moZraobis unars ganapirobebs.

Sinagani organoebis umetesobis SemadgenlobaSi Semavali 
gluvi kunTebis ZiriTad masas Seadgens gluvkunTovani ujrede-
bi anu miocitebi. isini 15-500 mkm sigrZis TiTistaras formis 

sur. 4.62. gluvi kunTovani 
qsovilis moculobiTi sqema
1 _ gluvi kunTovani ujredi, 
2 _ birTvi, 
3 _ miofilamentebis konebi, 
4 _ sarkolema,
5 – SemaerTebelqsovilovani 
fena, 
6 - nervi, 
7 - sisxlZarRvovani kapilari.

sur. 4.63. ganivzoliani kunTovani 
boWkos eleqtronuli mikrofoto-
grafia.
1 – mitoqondriebi, 2 – miofibrile-
bi, 3 – sarkoplazmuri bade.
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wagrZelebuli ujredebia (sur. 4.62). zogierT organoSo (saSvilosno, gulis Siga garsi) gluvkun-
Tovani ujredebi varskvlavisebri formisaa.

gluvkunTovani ujredebis miofibrilebi sami saxis Zafebis _ mikrofilamentebisagan Sed-
geba, esenia: aqtinis, miozinis da Sualeduri mikrofilamentebi.

aqtinisa da miozinis mikrofilamentebi monawileobs SekumSvisas ujredis damoklebaSi, Sua-
leduri filamentebi ki ujreds SekumSvis momentSi gada-
metebuli gafarToebisagan icavs.

gluvkunTovan ujredebs Soris arsebul SemaerTe-
belqsovilovan fenebSi moTavsebulia sisxlZarRvebi, ka-
pilarebis qseli ki miocitebs uSualod gars ertymis.

gluvi kunTi nela anu tonurad ikumSeba. am dros 
didi raodenobis energia ar ixarjeba, amitom kunTi Seda-
rebiT gvian iRleba da SekumSul mdgomareobas xangrZli-
vad inarCunebs. 

ConCxis ganivzoliani kunTovani qsovilis Ziri-
Tadi struqturuli da funqciuri erTeulia ganivzo-
liani kunTovani boWko, romelic warmoadgens mravali 
kunTovani ujredis Serwymis Sedegad warmoqmnil mra-
valbirTvian struqturas. kunTovani boWkos diametri 
0,01 - 0,1 mm-ia, sigrZe ki SeiZleba ramdenime santimetrsac 
aRwevdes. kunTovani boWkos sigrZe damokidebulia kunTis 
zomasa da konstruqciaze. magaliTad, TerZis kunTSi Ti-
Toeuli boWkis sigrZe ramdenime aTeul sm-sac ki aRwevs.

kunTovani boWkos plazmur membranasTan anu sarko-
lemasTan ganlagebulia mravali birTvi. kunTovani boWkos 
citoplazma anu sarkoplazma Seicavs sarkoplazmur (en-
doplazmur) bades, romlis arxebi da cisternebi gars exve-
va miofibrilebs. sarkoplazmur bades SeuZlia miitacos 
an gamoTavisuflos Ca++ ionebi. am ionebis koncntraci-
is cvlileba ki mniSvnelovan rols TamaSobs kunTovani 
boWkos SekumSvis procesSi. kunTovani boWkoebSi Zalze 
kargad aris ganviTarebuli ujredis energetikuli apara-
ti - mitoqondriebis kompleqsi. igi srulad uzrunvelyofs 
kunTebis energetikul moxovnilebebs. (sur. 4.63 ).

kunTovan boWkos kumSvadi aparati Sedgeba miofibri-
lebis konebisagan, miofibrilebis ZiriTad masas cilovani 
Zafebi _ miofilamentebi qmnis. ganarCeven ori tipis mio-

sur. 4.64. msxvili da wvrili Zafebis (miozinisa da aqtinis) ganlageba ganivzolian kunTovan boWkoSi.

sur. 4.65 kardiomiocitis agebulebis sqema
1 _ miofibrilebi, 
2 _ mitoqondriebi, 
3 _ sarkoplazmuri bade, 
4 _ T-milakebi,
5 _ bazaluri membrana, 
6 _ lizosomebi, 
7 _ CarTuli firfita, 8 - desmosoma,
9 _ miofibrilebis mimagrebis zona, 
10 _ napraliani kontaqti,
11 _ ribosomebi.



87.

ujredi _ elementaruli cocxali sistema

filamentebs. pirveli tipis miofilamentebi SedarebiT msxvili Zafebia da ZiriTadad miozinisagan 
Sedgeba. meore tipis Zafebi wvrilia da ZiriTadad aqtinisagan Sedgeba. sinaTlis mikroskopiT kun-
Tovani boWkos dakvirvebisas kargad Cans, rom miofibrilebs aqvT muqi da naTeli zolebi. muq zols 
ewodeba A disko, naTels ki - I disko (diskos nacvlad xSirad xmaroben agreTve termins “zoli”). I 
disko muqi firfitiT gayofilia or Tanabar nawilad. am firfitas Z firfita ewodeba (sur. 4.64).

miofibrilebis ZiriTad struqturul da funqciur erTeulad miCneulia e.w. sarkomeri, ro-
melic warmoadgens or mezobel Z firfitebs Soris mdebare ubans anu yoveli sarkomeri Sedgeba A 
diskosa da mis gverdebze mdebare I diskoebis naxevrebisagan.

ganivzoliani kunTovani boWko inarCunebs normalur struqturas da axorcielebs SekumSvas 
mxolod nervTan dakavSirebuli saxiT. eferentuli (mamoZravebeli) nervuli boWko kunTovan 
boWkos ukavSirdeba specifiuri daboloebiT, romelsac motoruli balTa ewodeba. motorul bal-
Tasa da sarkolemas Soris arsebul specializebul kontaqts ki - nerv-kunTovani sinafsi.

kunTovani boWkos SekumSva. kunTovani boWkos plazmuri membranis agznebisas, romelic ga-
moiwveva mamoZravebeli neironis ganmuxtvis Sedegad, moqmedebis potenciali vrceldeba sarko-
plazmuri badis milakebis mimarTulebiT. agznebis impulsi iwvevs cisternebidan Ca++ ionebis ga-
moyofas da sarkoplazmaSi misi koncentracia izrdeba. Ca++ ionebi aaqtivebs aqtinsa da miozins da 
maT Soris warmoiqmneba ganivi xidakebi; SemdgomSi am xidakebis konfiguracia icvleba, rac iwvevs 
miozinisa da aqtinis Zafebis erTmaneTis mimarT gadaadgilebas, kerZod, aqtinis protofibrilebi 
moZraoben sarkomeris centrisaken. amrigad, miofibrilebi mokldeba, TviT aqtinisa da miozinis Za-
febis sigrZe ki ucvleli rCeba. TiToeuli sarkomeris sigrZe SeiZleba 20-30%-iT Semcirdes. miofi-
brilebis SekumSva xorcieldeba atf-as hidrolizis Sedegad gamoyofili energiis xarjze.

gulis ganivzoliani kunTovani qsovili. gulis kunTi anu miokardiumi am organos ZiriTad 
komponents warmoadgens. igi Sedgeba gulis ganivzoliani kunTovani qsovilisagan, romelic ConCxis 
kunTovan qsovolTan msgavsebasTan erTad, misgan mniSvnelovnadac gansxvavdeba.

ConCxis kunTovan qsovils igi emsgavseba ganivzolianobiT - aqac aRiniSneba I da A diskoebi, Z 
da M xazebi da a.S. gansxvaveba imaSi mdgomareoba, rom gulis kunTovani ujredebi - kardiomiocite-
bi morCebis meSveobiT erTmaneTTan aris dakavSirebuli da qmnis qsels. kardiomiociti (sur. 4.65) 
sworkuTxa formisaa, misi birTvebi mdebareobs ujredis centrSi da ara periferiaze. miofibrilebi 
ki periferiuladaa ganlagebuli. miofibrilebs Soris Zewkviseburadaa dalagebuli mitoqondriebi. 

nervuli qsovili
nervuli qsovilis mniSvneloba ganisazRvreba nervuli ujredis ZiriTadi TvisebebiT: gaRi-

zianebis aRqma, agzneba, nervuli impulsis generacia, misi gatareba da gadacema.
nervuli sistema dakavSirebulia organizmis yvela qsovilTan da organosTan da axorcielebs 

maTi muSaobis regulacias, organoebisa da organoTa sistemebis SeTanxmebul moqmedebas; nervuli 
sistemis meSveobiT myardeba kavSiri organizmsa da garemos Soris.

nervuli qsovili Sedgeba nervuli ujredebisagan (neironebisagan), romlebic specifiur 
funqcias asrulebs, da neirogliis ujredebisagan, romlebic organulad aris dakavSirebuli nei-
ronebTan da asrulebs sayrden, trofikul, sekretorul, damcvelobiT da sxva funqciebs.

neironi. nervuli sistemis sxvadasxva ubnis neironebi erTmaneTisagan gansxvavdeba funqciuri 
da morfologiuri TaviseburebebiT. nervuli ujredi Sedgeba sxeulisa (somisa) da citoplazmu-
ri morCebisagan (sur. 4.66). 

neironebis sxeulis zomebi farTo farglebSi meryeobs. magaliTad, naTxemis e.w. marcvlovani 
ujredebis somis diametri 4-6 mkm-ia, xolo didi tvinis naxevarsferoebis qerqis motoruli zonis 
giganturi neironisa ki _ 130 mkm. yovel neirons, rogor wesi, erTi momrgvalo formis birTvi aqvs, 
birTvakebis raodenoba 1-dan 3-mde meryeobs. 

neironebis morCebi ori saxisaa: dendritebi da aqsoni.
dendriti mokle morCia da umetes SemTxvevebSi neironis somidan axlo manZilzeve intensiu-

rad itoteba. sxvadasxva saxis neironebSi dendritebis ricxvi farTo farglebSi meryeobs. sxva-
dasxva tipis neironebis dendritebs aqvs mravalricxovani wvrili gamonazardebi e. w. dendrituli 
xorklebi (sur. 4.67). gaRizianebis sapasuxod dendritebsa da maT xorklebSi xdeba nervuli impul-
sis generacia da impulsis neironis sxeulisaken gadacema.

neirons mxolod erTi aqsoni aqvs, is Cveulebriv grZelia da boloSi Zlier itoteba. ujredis 
sxeulidan aqsonis gamosvlis adgili Semsxvilebulia, mas aqsonis borcvaki ewodeba. aqsonSi nervu-
li impulsi neironis somidan periferiisaken vrceldeba.

neironis plazmur membranas axasiaTebs agznebadoba da nervuli impulsis gatarebis unari. 
nervuli impulsi yovelTvis erTi mimarTulebiT vrceldeba - dendritebidan ujredis somisaken, 
iqidan ki aqsonisaken.

morCebis raodenobis mixedviT arCeven unipolarul anu erTmorCian, bipolarul anu ormor-
Cian da multipolarul anu sami da meti morCis mqone neironebs (sur. 4.68).
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ZuZumwovrebisa da adamianis nervul sistemaSi upi-
ratesad gvxvdeba mravalmorCiani anu multipolaruli 
neironebi. am neironebis mxolod erTi morCia aqsoni, da-
narCeni morCebi ki dendritebia. bipolaruli neironis 
ori morCidan erTi aqsonia, meore ki dendriti. bipolaru-
lia, magaliTad, Tvalis badura garsis neironebis nawili. 
bipolarul ujredebs miekuTvneba, agreTve, e. w. fsevdou-
nipolaruli ujredi. aq orive morCi neironis somis erTi 
gamonazardidan iRebs sawyiss da Semdeg Sordeba erTma-
neTs. 

funqciis mixedviT ganasxvaveben pirvelad senso-
rul (mgrZnobiare, aferentul), asociaciur (CarTul, 
Suamdebare) da motorul (mamoZravebel, eferentul) 
neironebs.

mgrZnobiare neironebSi nervuli impulsi orga-
nizmis garegan da Sinagan gamRizianebelTa sapasuxod aR-
mocendeba. es ujredebi informacias zurgisa da Tavis 

tvinSi, anu centralur 
nervul sistemaSi _ cns-Si 
gzavnis.

CarTuli neironebi 
anu interneironebi ner-
vul impulsebs erTi neiro-
nidan meoreze gadascems. 
CarTuli neironebis den-
dritebi da aqsoni ar tove-
ben cns-s. interneironebisa 
da mamoZravebeli (motoruli) neironebis sxeulebi da dendritebi 
Tavis da zurgis tvinis rux nivTierebas qmnis. interneironebis mie-
liniani aqsonebi ki _cns-is TeTri nivTierebis umetes nawils.

mamoZravebeli neironebiT agzneba efeqtorul ujredebamde mii-
taneba. efeqtoruli ujredebia: ganivzoliani kunTovani boWko, gluvi 
kunTovani ujredi, kardiomiociti, jirkvlovani ujredebi. 

Tavis tvinis zogierTi ubnis (magaliTad, hipoTalamusis zo-
gierTi birTvis) neironebs biologiurad aqtiuri nivTierebebis 
sekreciis unari aqvs, amitom maT neirosekretorul ujredebs uwo-
deben. maT moer gamomuSavebuli sekretebi uSualod sisxlSi anda ce-
rebrospinalur (Tav-zurgtvinovan) siTxeSi gadadis.

neiroglia asrulebs mraval funqcias - sayrdens, trofikuls, 
sekretoruls, gammijnavs da sxva. varaudoben, rom neirogliis ujre-
debis raodenoba 10-jer aRemateba neironebis raodenobas. neirogli-

is ujredebs miekuTvneba ependimocitebi, astrocitebi, oligodendrocitebi da mikroglioci-
tebi.

ependimocitebis mWidro Sre amofens zurgis tvinis arxisa da Tavis tvinis parkuWebis 
kedlebs. arxis Rrusaken mi-
marTul zedapirze ependimo-
citebs gaaCnia wamwamebi. maTi 
rxeva cerebrospinaluri 
siTxis moZraobas ganapiro-
bebs. 

astrocitebi mraval-
morCiani varskvlavisebri 
formis ujredebia. asxvaveben 
ori saxis astrocitebs - pro-
toplazmurs da boWkovans. 
protoplazmuri astroci-
tebi ZiriTadad centraluri 
nervuli sistemis rux nivTie-
rebaSi mdebareobs. isini 

sur. 4.66. neironis struqturuli 
komponentebis sqema.
(sqemaze aqsonis mxolod 
sawyisi monakveTia naCvenebi).

sur. 4.67. xorklebi Tavis tvi-
nis neironebis dendritebze.

sur. 4.68. unipolaruli (A), fsevdounipolaruli (B), bipolaruli (C) da 
multipolaruli (D) neironebis sqema.
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sur. 4.69.
periferiuli nervis fragmentis ganivi Wrilis 
eleqtronulimikrofoto.
Svanis erTi ujredi (SC) warmoqmnis garss ram-
denime RerZuli cilindris (Ax1-Ax6) garSemo.

sur. 4.70. mieliniani nervuli boWkos 
ganivi Wrilis eleqtronuli 
mikrofotograma. 
OL- oligodendrocitis citoplazma,
nf- neirofilamentebi, 
m- mikrotubulebi

uSualod monawileobs neironebsa da kapilarebs So-
ris nivTierebaTa cvlaSi. boWkovani astrocitebi 
upiratesad tvinis TeTr nivTierebaSia ganlagebu-
li. maT grZeli, naklebad datotvili morCebi aqvs. 

oligodendrocitebi neirogliis ujredebs 
Soris yvelaze mravalricxovania. centralur da 
periferiul nervul sistemaSi isini gars ertymis 
neironebis sxeuls, aqsonis garSemo qmnis mielinis 
garss SeqmnaSi. 

mikrogliocitebi warmoadgens tvinis TeTr 
da rux nivTierebaSi gabneul wvril ujredebs gr-
Zeli da naklebad datotianebuli morCebiT. mikro-
gliis ZiriTadi funqcia fagocitozia. 

nervuli boWko. neironis grZeli morCebi da-
farulia gliis ujredebiT Seqmnili garsiT. maT 
erTianobas nervuli boWko ewodeba. arCeven mie-
linian da umielino boWkoebs. orive SemTxvevaSi 
boWkos centrSi mdebare neironis morCs (aqsons an 
dendrits) RerZuli cilindri ewodeba. RerZuli cilindris garSemo e. w. garss oligodendrogli-
is ujredebi warmoqmnis. umielino nervuli boWkoebi upiratesad visceralur (vegetatiur) ner-
vul sistemaSi gvxvdeba. aseTi boWkoebSi garsis warmomqmnel ujreds Svanis ujredi ewodeba. ume-
tes SemTxvevaSi Svanis TiToeul ujredSi moTavsebulia ramdenime RerZuli cilindri (sur. 4.69).

mieliniani nervuli boWkoebis RerZuli cilindris diametri bevrad metia vidre umielino 
boWkoebSi. mielinian boWkoSi oligodendrocitis membrana ramdenime fenad aris Semoxveuli Rer-
Zuli cilindris garSemo (sur. 4.70).

mielinian nervul boWkoSi nervuli impulsi ufro swrafad vrceldeba, vidre umielino boWkoSi; 
kerZod, mielinian boWkoSi nervuli impulsis siCqarea 5-120 m/wm, xolo umielino boWkoSi - 1-2 m/wm. 

neironTaSorisi sinafsebi. erTi neironidan meoreze nervuli impulsis gadacemas emsaxureba 
maT Soris arsebuli specializebuli kontaqtebi _ sinafsebi. cnobilia sinafsebis ori saxe _qi-
miuri da eleqtruli. adamianisa da ZuZumwovrebis Tavisa da zurgis tvinSi eleqtruli sinafsebi 
iSviaTia. 

yvela qimiuri sinafsi Sedgeba sami komponentisagan: 1. presinafsuri ubani, 2. sinafsuri na-
prali, romelic sinafsur membranebTan erTad qmnis sinafsis specializebul zonas anu e.w. “aqtiur 

zonas” da 3. postsinafsu-
ri ubani (sur. 4.71).

presinafsuri uba-
ni warmodgenilia aqsonis 
saboloo ganStoebis ga-
farToebuli nawiliT. pra-
sinafsuri ubnis damaxasia-
Tebeli Taviseburebaa masSi 
membraniT SemosazRvruli 
sinafsuri buStukebis ar-
seboba. sinafsuri buStuke-
bi Seicavs neirogadamcemebs 
anu neirotransmiterebs. 
sxvadasxva sinafsSi si-
nafsuri buStukebi erTma-
neTisagan gansxvavdeba zo-
mis, formisa da SigTavsiT. 
rodesac sinafsuri buStuki 
miuaxlovdeba presinafsuri 
ubnis membranas, misi membra-
na erwymis mas da buStukis 
SigTavsi gadmoiRvreba si-
nafsur napralSi, romelic 
zegavlenas axdens post-
sinafsur membranasTan da-
kavSirebul receptorebze.

sur. 4.71. aqso-dendrituli 
sinafsis eleqtronuli mik-
rofotograma.
At- presinafsuri ubani,
D- dendriti,
nf- neirofilamentebi, 
m- mikromolakebi
(isriT miTiTebulia sinafsu-
ri buStukebi).
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pre- da postsinafsuri ubnebis erTmaneTis mopirdapired ganlagebuli membranebi gamijnulia 
20-40 nm-is sisqis ujredTaSorisi sivrciT – sinafsuri napraliT. 

postsinafsuri ubans SeiZleba warmoadgendes dendriti an misi xorklebi, neironis soma da 
aqsonis borcvakic.

imis mixedviT, Tu nervuli ujredis romeli ubnebi monawileoben sinafsis pre- da post-
sinafsuri komponentebis warmoqmnaSi ganasxvaveben: aqso-somatur, aqso-dendritul, aqso-xork-
lovani aqso-aqsonur, da sxva tipis sinafsebs. 

moxseniebuli tipis sinafsebSi presinafsuri ubani warmoqmnilia aqsonis gafarToebuli da-
boloebiT. aqso-somaturi sinafsebis postsinafsur komponents warmoadgens neironis sxeulis 
plazmuri membranis garkveuli monakveTi, aqso-dendritul sinafsebSi _ msxvili da wvrili den-
dritebi, aqso-xorklovan sinafsebSi _ dendritis xorkli,

mamoZravebeli nervuli boWkoebis daboloebebi ConCxis ganivzolian kunTebSi qmnis nerv-
kunTovan sinafsebs. maTi saSualebiT nervuli impulsi cns-dan kunTebs gadaecema da maT SekumSvas 
iwvevs.

4.6.2. umaRlesi mcenareebis qsovilebi
umaRlesi mcenareebi, anu xmeleTis mcenareebi qlorofilis Semcveli avtotrofuli or-

ganizmebia. maT miekuTvneba xavsebi, gvimranairebi, Svitanairebi, likopodiumnairebi, SiSvelTe-
slovani, farulTeslovani, anu yvavilovani da sxv. mcenareebi.

umaRlesi mcenareebis umetesobis qsovilebia: warmomSobi (meristemuli), mfaravi, gamtari, 
meqanikuri, ZiriTadi da sekretoruli (gamomyofi). aRniSnuli qsovilebidan gayofis unari mxo-

lod warmomSobi qsovilis ujredebs aqvs. 
warmomSobi qsovili
warmomSobi qsovili, anu meristema (berZn. 

meristos – gayofadi) Sedgeba intensiuri gayofis 
unaris mqone da mcenaris sicocxlis manZilze fi-
ziologiurad aqtiuri ujredebisagan, rac mce-
naris masis ganuwyvetel matebas ganapirobebs. 
meristemidan viTardeba umaRlesi mcenareebis 
danarCeni qsovilebi. adgilmdebareobis mixedviT 
ganarCeven kenwrul, gverdiT, meoreul da Car-
Tul (interkalarul) meristemas.

kenwruli meristema ylortisa da fesvis 
sigrZeSi, xolo gverdiTi meristema (kambiumi 
da pericikli) – Rerosa da fesvis sisqeSi zrdas 
ganapirobebs. meoreuli meristemidan viTarde-
ba mfaravi qsovili – korpi. CarTuli (interka-
laruli) meristema lokalizebulia mcenaris 
calkeul, aqtiurad zrdad ubnebSi.

mfaravi qsovili
mfaravi qsoviliTaa dafaruli mcenaris 

zedapiri. is, ZiriTadad, erTmaneTTan mWidrod 
mijrili ujredebisagan Sedgeba. mfaravi qsovili 

mcenares gamoSrobisagan, meqanikuri dazianebisagan da sxva araxelsayreli zemoqmedebisagan icavs. 
garda amisa, misi meSveobiT xdeba mcenareSi airTa cvlisa da transpiraciis (wylis aorTqlebis) 
regulacia, wylisa da mineraluri marilebis Sewova. mfaravi qsovilis saxeebia epiderma, epiblema 
da periderma (sur. 4.72).

epidermiTaa dafaruli mcenaris foTlebi da mwvane ylortebi, agreTve nayofebi da yvavilis 
calkeuli nawilebi. epiderma Sedgeba erTmaneTTan mWidrod mijrili ujredebis erTi Srisagan. epi-
dermis ujredebs Soris wyvil-wyvilad moTavsebulia lobios Teslis formis mwvane ujredebi, e. w. 
bageebi. am ujdebiT bagis xvrelia SemosazRvruli. swored bageebi uzrunvelyofs airTa cvlasa da 
transpiracias. 

epiblema fesvebis mfaravi qsovilia. misi meSveobiT xdeba niadagidan wylisa da mineraluri 
marilebis ASewova. epiblemis ujredebs aqvs gamonazardebi – bususebi, romelic adidebs fesvis nia-
dagTan Sexebis zedapirs. 

periderma mravalwliani mcenareebis Rerosa da fesvebis mfaravi meoreuli qsovilia. peri-
dermis gareTa Sris ujredebi droTa ganmacvlobaSi kvdeba da damcav qerqs warmoqmnis. qerqi kargad 
icavs mcenareTa Reroebs meqanikuri dazianebis, temperaturis mkveTri cvlilebis, mzis sxivebiT 
gadaxurebisa da paTogenuri mikroorganizmebisagan.

sur. 4.72. Reros ganivi Wrili
1 – faSari gulguli, 2, 3 – qsilema, 4 – floema, 5 – 
sklerenqima, 6 – periderma, 7 _ epiderma
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meqanikuri qsovili
meqanikuri qsovilebi mcenaris 

sayrdens qmnis, uzrunvelyofs misi orga-
noebis simtkices da winaaRmdegobas uwevs 
mcenareze momqmed statikur da dinamiur 
datvirTvebs. es qsovilebi ZiriTadad Sed-
geba mkvdari ujredebis sqeli da mkvrivi 
kedlebisagan. 

gamtari qsovilebi
gamtari qsovilebiT mcenareebSi 

sakvebi nivTierebebi gadaadgildeba. ganar-
Ceven qsilemas (WurWlebsa da traqeidebs) 
da floemas (sacrisebr milebs) (sur. 4.73, 
4.74). WurWlebi da traqeidebi agebulia 
grZeli, mkvdari, sqelkedliani ujredebi-
sagan, romlebic erTmaneTze sigrZivad aris 
ganlagebuli. maTi ganivi tixrebi CaSlilia 
da warmoqmnilia erTiani mili. WurWlebiT 
mcenaris fesvebidan foTlebisaken wyali 
da mineraluri marilebi gadaadgildeba. 
sacrisebri milebi vertikalurad ganla-
gebuli cocxali wagrZelebuli ujredebis 
wyebaa, maTi ganivi tixrebi dasvretilia. sa-
crisebri milebiT fotosinTezis produqtebi foTlebidan mcenaris zrdis konusisaken, miwisqveSa 
organoebisaken, nayofebisa da Teslebisaken gadaadgildeba. gamtari qsovilis sqelkedliani ujre-
debi sayrden funqciasac asrulebs.

ZiriTadi qsovilebi
mcenaris sxeulis umetes nawils ZiriTadi qsovili warmoadgens. funqciebis mixedviT ga-

moyofen saasimilacio, samarago, wylisa da haeris Semcvel qsovilebs. saasimilacio qsovilis 
ujredebi qloroplastebs Seicavs da fotosinTezs axorcielebs. samarago qsovilSi sxvadasxva 
nivTiereba grovdeba. haeris Semcveli qsovilis (aerenqimis) meSveobiT wylis mcenareebi wyalsate-
vis zedapirze tivtivebs. aerenqima Sedgeba erTmaneTTan dakavSirebuli ujredebisagan. isini isea 
ganlagebuli, rom maT Soris haeriT Sevsebuli didi moculobis sivrceebia. mSrali adgilis mcena-
reebis wylis Semcvel qsovilSi wyalia damaragebuli.

gamomyofi qsovilebi
sekretorul (gamomyof) qsovilebs miekuTvneba is warmonaqmnebi, romlebsac mcenareebidan 

metabolizmis produqtebisa da wylis gamoyofis an izolaciis unari aqvs. sekretoruli qsovilebis 
komponentebs mcenaris yvela organo Seicavs. nivTierebaTa gamoyofis adgilis mixedviT ganarCeven 
Sinagani da garegani sekreciis qsovilebs. 

yvavilovan mcenareTa vegetatiuri (fesvi, Rero, foToli) da generaciuli (yvavili, nayofi, 
Tesli) organoebi rTuli agebulebisaa da sxvadasxva saxis qsovilebs Seicavs. magaliTad:

sur. 4.73. erTlebniani mcenaris Reros sqema.

sur. 4.74.	 gamtari qsovilebis ujredebis sqema.
a – floema (sacrisebri milebi), b – qsilemis (WurWlebis) ujredebi

 
 

                 

                   a                                            b 
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a) foTlis firfita dafarulia epidermiT, romelic bageebs Seicavs. zeda da qveda epidermas 
Soris ganlagebulia mafotosinTezebeli qsovili – mesrisebri da Rrublisebri parenqima. foT-
lis ZarRvebi Sedgeba gamtari qsovilebisagan – WurWlebisagan, romelTa meSveobiT foToli wyli-
Ta da mineraluri marilebiT maragdeba, da sacrisebri milebisagan, romelTa meSveobiT organuli 
nivTierebebis wyalxsnarebi mcenaris sxva organoebisaken gadaadgildeba. meqanikuri qsovili gana-
pirobebs foTlis simtkicesa da drekadobas (sur. 4.75).

b) fesvis wveroSi warmomSobi qsovilia, romelic fesvis sigrZeSi zrdas ganapirobebs. wyli-
sa da mineraluri marilebis Sewova xdeba epiblemis ujredebis bususebis meSveobiT. fesvis centr-
Si lokalizebulia gamtari qsovili; kerZod, WurWlebi, romlebSic fesvis mier Sewovili wyali da 
mineraluri marilebi Rerosa da foTlebisaken gadaadgildeba. WurWlebis garSemo sacrisebri mi-
lebia, romlebSic foTlebidan fesvebisaken organuli nivTierebebi miedineba. zogierTi mcenaris 
fesvSi Zlier aris ganviTarebuli samarago qsovili. aseTi fesvebi, e. w. Zirxvenebi aqvs stafilos, 
Warxals, oxraxuSs.

g) merqniani mcenaris Rero sami Srisagan – qerqis, merqnisa da gulgulisagan Sedgeba. qerqi 
gare Srea da dafarulia damcvelobiTi mfaravi qsoviliT – korpiT; Semdegi Srea safevi, romelic 
gamtari (sacrisebri milebis), meqanikuri da ZiriTadi qsovilebisagan Sedgeba. qerqis qveS ganlage-
bulia warmomSobi qsovili – kambiumi. misi ujredebis gayofis Sedegad Rero sisqeSi izrdeba. merqa-
nic gamtari (WurWlebisa da traqeidebisagan), meqanikuri da ZiriTadi qsovilebisagan Sedgeba. Re-
ros centrSi lokalizebulia dammaragebeli ujredebisagan Semdgari faSari gulguli.

sur. 4.74.	 foTlis agebulebis sqema.
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	 cocxal organizmebSi gamudmebiT mimdinareobs nivTierebaTa da energiis cvlis – meta-
bolizmis (berZn. metabole – gardaqmna, Secvla) procesebi. metabolizmi qimiur reaqciaTa erTo-
bliobaa, romelic aucilebelia cocxali organizmebis sicocxlis SesanarCuneblad. metabolizmis 
procesebi uzrunvelyofa organizmebis zrdasa da gamravlebas, agebulebis SenarCunebas, garemos 
faqtorebis zemoqmedebaze adekvatur reaqcias da a. S.

	 Cveulebriv ganarCeven metabolizmis or gamovlinebas – katabolizmsa da anabolizms.
	 katabolizmi (berZn. katabole – safuZveli, daqveiTeba), anu energetikuli cvla warmoadgens 

rTuli nivTierebebis SedarebiT martiv nivTierebebad daSlis, anda ama Tu im nivTierebis daJangvis 
process, romelsac, rogorc wesi, Tan axlavs energiis gamoyofa. gamoyofili energiis nawili atf-
s makroerguli bmebis saxiT akumulirdeba, nawili ki garemoSi siTbos saxiT gamosxivdeba. katabo-
lizmis reaqciebi safuZvlad udevs disimilacias (laT. dissimilis – gansxvavebuloba) rTuli naerTe-
bis mocemuli organizmisaTvis specifiurobis dakargvas, rac maTi SedarebiT martiv nivTierebebad 
daSliT xorcieldeba. 

	 katabolizmis procesebis intensivoba da ujredis mier ama Tu im kataboluri procesis gamo-
yeneba hormonebiT regulirdeba. magaliTad, glukokortikoidebi aZlierebs cilebisa da aminomJa-
vebis katabolizmis intensivobas da Trgunavs glukozis katabolizms. insulini ki sapirispiro 
gavlenas axdens – aZlierebs glukozis da Trgunavs cilebis katabolizms.

	 katabolizmis sapirispiro procesia anabolizmi (berZn. anabole _ amaRleba), anu plastiku-
ri cvla, anu asimilacia (laT. assimilatio – msgavseba) – ujredis mier garemodan miRebuli martivi 
nivTierebebidan rTuli, misTvis damaxasiaTebeli naerTebis  biosinTezi.

	 katabolizmi da anabolizmi urTierTdakavSirebuli procesebia. kerZod, katabolizmis 
(sxvadasxva saxis naerTebis daSlis) Sedegad warmoqmnili martivi nivTierebebi da atf-s makroer-
guli bmebis saxiT akumulirebuli energia SeiZleba organizmis (ujredis) mier gamoyenebul iqnas 
axali rTuli nivTierebebis biosinTezisaTvis.

	 gansakuTrebiT aRsaniSnavia qlorofilis Semcveli organizmebis mier mzis sinaTlis energi-
is xarjze warmoebuli fotosinTezis procesi (anabolizmis klasikuri magaliTi), rac gadamwyvet 
rols TamaSobs cocxali organizmebis organuli nivTierebebiT momaragebaSi.

	 garemodan ujredSi moxvedrili sakvebi nivTierebebi gamoiyeneba ujredisa da organizmi-
saTvis damaxasiaTebeli cilebis, lipidebis naxSirwylebis, nukleinis mJavebis da maT Soris im fer-
mentebis sinTezisaTvisac, romlebic aucilebelia katabolizmis reaqciebis ganxorcielebisaTvis.

5.1. energetikuli cvla

avtotrofuli organizmebis mier araorganulidan sinTezirebuli organuli nivTierebebiTaa 
uzrunvelyofili heterotrofuli organizmebis arseboba. heterotrofebi cxovelqmedebisaTvis 
saWiro energias sakvebad miRebuli nivTierebebis biologiuri daJangvis Sedegad moipoveben.

Jangva-aRdgeniTi reaqciebis procesSi eleqtronebi da wyalbadis ionebi erTi atomidan an mo-
lekulidan sxva atomebsa da molekulebze gadaitaneba. romelime atomis an wyalbadis molekulis 
mier eleqtronis dakargvas Jangva ewodeba; eleqtronebis an wyalbadis ionis mierTebas ki – aRdge-
na. nivTierebas romelic iJangeba donori ewodeba, xolo romelic aRdgeba – aqceptori. 

organuli naerTebis daJangvisas xdeba maT molekulebSi maRal energetikul doneze arsebu-
li eleqtronebis energiis gamoTavisufleba. es xorcieldeba eleqtronebis maRali energetikuli 
donidan ufro dabal doneze gadaadgilebis Sedegad. biologiuri Jangva mravalsafexuriani pro-
cesia da mravali fermentisa da eleqtronebis gadamtanebis monawileobiT mimdinareobs. biolo-
giuri Jangvis procesSi eleqtronebis saboloo aqceptoria Jangbadi, saboloo produqtebi ki wya-
li da naxSirorJangia. organuli nivTierebebis biologiuri Jangvis Sedegad gamoyofili energiis 
daaxloebiT 50% energiiT mdidari da organizmisaTvis advilad gamosayenebeli nivTierebebis (ma-
galiTad, atf-s) sinTezs xmardeba.

heterotrofebisaTvis energiis ZiriTadi wyaroa sakveb produqtebSi arsebuli naxSirwylebi 
da cximebi. am nivTierebaTa biologiuri daJangva sam etaps moicavs. esenia: mosamzadebeli, uJan-
gbado (glikolizi) da Jangbadiani (aerobuli, sunTqva) etapebi.
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	 mosamzadebel etapze, anu sakvebis monelebisas msxvili molekulebi (polimerebi) mono-
merebamde iSleba: polisaqaridebi – monosaqaridebamde, cximebi – glicerinamde da cximovan mJa-
veebamde, cilebi – aminomJavebamde. mravalujredian cxovelebSi es procesebi saWmlis momnele-
bel traqtSi gamoyofili, xolo erTujredianebSi –lizosomebSi arsebuli fermentebis gavleniT 
mimdinareobs. 

	 uJangbado etapi. ujredebSi energiis erT-erT ZiriTad wyaros glukoza warmoadgens. glu-
kozis Jangbadis uSualo monawileobis gareSe mimdinare fermentuli daSlisa da daJangvis 
mravalsafexurian process glikolizi ewodeba. am procesSi monawile fermentebi citozolSia 
lokalizebulI da Tavisebur fermentul “konveiers” warmoadgens. glikolizis procesSi gluko-
za (C6H12O6 ) 9 saxis fermentis monawileobiT TandaTanobiT piroyurZnis mJavas or molekulamde 
(2CH3COCOOH) iSleba da iJangeba. 

glukozisa da piroyurZnis mJavas formulebis Sedarebisas advili SesamCnevia, rom glukoza 
wyalbadis 4 molekulasac kargavs. wyalbadis aqceptoris rols rTuli organuli naerTis – nikoti-
namidadenindinukleotidis daJanguli forma (nad+) asrulebs da nad.H-mde aRdgeba.

glukozis piroyurZnis mJavamde daJangvisas agreTve adgili aqvs adf-s fosforilirebas da 
atf-s warmoqmnas.

glikolizi Semdegi formuliT gamoisaxeba: 

C6H12O6  + 2 adf + 2H3PO4 + 2nad+   = 2 C3H4O3 (piruvati) + 2 atf  + 2 H2O + 2nad.H

Tumca glikolizis procesSi Jangbadi uSualod ar monawileobs, misi ujredSi arseboba pi-
royurZnis mJavas Semdgom Jangvas uzrunvelyofs. Amitom ujredSi Jangbadis arsebobisas mimdinare 
glikolizs aerobuli glikolizi ewodeba.

ujredebSi Jangbadis deficitis an ararsebobisas anaerobuli glikolizi mimdinareobs. Aam 
SemTxvevaSi glukoza rZemJavas or molekulamde iJangeba da mxolod atf-s ori molekula war-
moiqmneba. 

anaerobuli glikolizi duRilis reaqciebs waagavs. duRili mikroorganizmebis energiiT 
uzrunvelyofis ZiriTadi procesia. saboloo produqtebis mixedviT ganarCeven rZemJavur, spir-

sur. 5.1.	krebsis ciklis gamartivebuli sqema.
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tul da sxva tipis duRils.  
	 energetikuli cvlis mesame, Jangbadiani etapi mitoqondriebis Siga membranebze mimdina-

reobs. is Sedgeba samnaxSirbadiani mJavebis ciklisa (misi aRmomCenis germaneli bioqimikosis hans 
krebsis pativsacemad krebsis ciklic ewodeba) da JangviTi fosforilirebis procesisagan. deda-
miwaze sicocxlis istoriuli ganviTarebis procesSi Jangbadiani etapi SesaZlebeli gaxda atmosfe-
roSi molekuluri Jangbadis sakmarisi raodenobiT dagrovebis Semdeg. 

krebsis ciklSi monawile fermentebi mitoqondtiebSia lokalizebuli. glikolizis procesSi 
warmoqmnili piroyurZnis mJavas 2 molekula mitoqondriebSi gadadis, iJangeba da energiiT mdidar 
naerTad gardaiqmneba (mas acetilkoenzimi A (acetil-Ko A) ewodeba) da krebsis ciklSi erTveba. kreb-
sis cikli xorcieldeba giganturi fermentuli kompleqsis monawileobiT, romelic sami tipis 60 ci-
lovani molekulisa da maTTan dakavSirebuli eleqtronebis gadamtanebisagan Sedgeba (sur. 5.1).

energiis wyaros glukozis garda cximovani mJavebi da aminomJavebic warmoadgens. cximovani 
mJavebis Jangvisas, eleqtronebis aqceptoris nad+-is nad.H-mde aRdgenasTan erTad, xdeba kidev 
erTi tipis aqceptoris –flavinadenindinukleotidis daJanguli formis (fad+) fad.H2-mde aRd-
gena. cximovani mJavebis Jangvis Sedegadac acetil-Ko A warmoiqmneba. glukozisa da cximovani mJave-
bis deficitis SemTxvevaSi JangviT procesSi zogierTi aminomJava erTveba. maTi Jangvis Sedegadac 
fad.H2 warmoiqmneba.

	 nad.H da fad.H2 molekulebSi damaragebuli energia krebsis ciklSi atf-s sinTezisaTvis ga-
moiyeneba.

	 samnaxSirbadian mJavaTa ciklSi acetil-Ko A ukavSirdeba mJaun-ZmarmJavas molekulas da 
warmoiqmneba samnaxSirbadiani limonmJava. Semdgomi oTxi fermentuli reaqciis Sedegad limonmJa-
va iJangeba, rasac Tan axlavs nad.H +-is 3 molekulis nad.H-mde, da fad+-is erTi molekulis fad.
H2-mde aRdgena; amasTanave warmoiqmneba guanozintrifosfatis (gtf) molekula, romlis energiac 
ixarjeba atf-s sinTezisaTvis. am procesSi limonmJava kargavs naxSirbadis 2 atoms, romelTa xarjze 
CO2-is ori molekula warmoiqmneba. bolo etapze 7 fermentuli reaqciis Sedegad limonmJava isev 
mJaun-ZmarmJavad gardaiqmneba da krebsis cikli kvlav meordeba.

	 amrigad samnaxSirbadian mJavaTa anu krebsis ciklSi organuli naerTebis – glukozis, cximo-
vani mJavebisa da aminomJavebis molekulebis qimiur bmebSi akumulirebuli energia nad.H, fad.H2 da 
atf_s molekulebSi maragdeba.

	 Jangbadiani etapis meore stadias JangviTi fosforilireba warmoadgens. am stadiaze uJan-
gbado etapze da krebsis ciklSi warmoqmnili nad.H-sa da  fad.H2-is bmebSi akumulirebuli energia 
atf-s makroergul bmebis energiad gardaiqmneba.

	 procesis mimdinareobisas nad.H da  fad.H2-
is eleqtronebi eleqtronebis gadamtanebis mra-

valsafexuriani jaWvis gavliT saboloo aqceptors – molekulur Jangbads gadaecema. am procesSi 
eleqtronebis mravali gadamtani (ubiqinoni, citoqromebi b. c1, c, a, a3 

da sxv.) monawileobs.
	 nad.H-sa da fad.H2-is molekulebSi akumulirebuli energiis atf-s sinTezSi CarTvisaTvis 

maTi wyalbadis atomebi mitoqondriebis membranebSi transportirdeba. wyalbadis atomebi mem-
branis Siga zedapirze tovebs eleqtronebs (e-), xolo H+ kaTionebi gare zedapirze gadaitaneba. 
eleqtronebi Jangbadis molekulas ukavSirdeba da Jangbadis anionebi warmoiqmneba.

O2 + e-  →  O2-
amis Sedegad membranis Siga da gare zedapirebs Soris potencialTa sxvaoba yalibdeba. mi-

toqondriebis membranebSi CaSenebulia atf-s sinTezSi monawile fermenti, romlis molekulaSi 
aris specialuri arxebi. rodesac potencialTa sxvaoba garkveul dones miaRwevs, kaTionebi aRni-
Snuli arxebis gavliT iwyebs gadaadgilebas da maTi energia atf-s sinTezs xmardeba, TviT H+ kaTio-
nebi ki Jangbadis anionebs ukavSirdeba da wylis molekula warmoiqmneba.

	 amrigad, uJangbado etapze da krebsis ciklSi glukozis, cximovani mJavebisa da zogierTi 
aminomJavis Jangvis Sedegad aRdgenili nad.H-sa da fad.H2-is eleqtronebis aqceptireba Jangbadis 
mier xdeba, eleqtronebis energia ki atf-s sinTezisaTvis  gamoiyeneba. samnaxSirbadiani mJavebis anu 
krebsis ciklSi xdeba CO2- is, xolo JangviTi fosforilirebis etapze – wylis molekulis warmoqmna.

	 energetikuli cvlis procesSi glukozis erTi molekulis sruli daJangvis Sede-
gad naxSirorJangisa da wylis eqvs-eqvsi molekula warmoiqmneba, gamoTavisuflebuli energiis 
daaxloebiT 40% ki adf-sa da fosfatidan atf-s 38 molekulis sinTezs xmardeba, energiis danarCeni 
nawili ki garemoSi gamosxivdeba.

	 glukozis energetikuli cvlis gamartivebuli jamuri toloba SeiZleba Semdegi formuliT 
gamovsaxoT:

C6H12O6 + 38 adf + 38H3PO4  →  6CO2 + 6H2O +38atf + 38H2O

	 energetikuli cvlis procesSi sinTezirebuli atf-s energia organizmisaTvis damaxasiaTe-
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beli cilebis, lipidebis, naxSirwylebis, nukleinis mJavebis da sxva nivTierebebis sinTezisaTvis, 
sxvadasxva nivTierebis dabali koncentraciis ubnidan maRali koncentraciisaken (koncentraciis 
gradientis sawinaaRmdego mimarTulebiT) gadasatanad, nervuli impulsis gatarebisaTvis, fiziku-
ri muSaobis Sesasruleblad da cxovelqmedebis sxva procesebis gansaxorcieleblad gamoiyeneba. 

	 amrigad, atf cocxal organizmebSi energiis universaluri wyaroa. is makroerguli naerTia 
da ujredSi energiis ZiriTadi “akumulatori” da gadamcemia.

5.2. fotosinTezi

dedamiwaze arsebuli cocxali organizmebisaTvis energiis ZiriTad wyaros mzis sinaTlis 
energia warmoadgens. am energiis uSualod gamoyeneba mxolod mcenareebis mwvane ujredebs, mwvane 
da mewamul baqteriebs SeuZlia. maT ujredebSi sinaTlis energiis gamoyenebiT organuli nivTiere-
bebis biosinTezi mimdinareobs. am procesSi aucilebelia specializebuli pigmentebis monawileo-
ba. mzis sinaTlis energiis xarjze fotomasinTezebeli pigmentebis monawileobiT naxSirorJan-
didan da wylidan organuli nivTierebebis warmoqmnis process fotosinTezi ewodeba. 

mcenareebSi fotosinTezis procesi ZiriTadad foTlis mesrisebri da Rrublisebri qsovi-
lebis qloroplastebSi mimdinareobs. haerSi arsebuli naxSirorJangis umetesi nawili foTlolSi 
epidermisis ujredebs Soris arsebuli bageebis gavliT xvdeba. wyali da mineraluri marilebi nia-
dagidan fesvebiT Seiwoveba da gamtari sistemiT foTlis ujredebisken gadaitaneba.

fotosinTezis unaris mqone eukariotuli ujredebi Seicavs mwvane feris qloroplastebs, 
xolo prokariotuli ujredebi – firfitovan struqturebs, e.w. qromatoforebs. qloroplaste-
bisa da qromatoforebis fers maTSi lokalizebuli fotomasinTezebeli pigmentebi ganapirobebs.

mcenareebSi fotomasinTezebeli pigmentia qlorofili. qlorofili ganapirobebs mcenaree-
bis foTlebis, nayofebis da ylortebis ujredebis mwvane fers. qlorofili agebulebiT sisxlis 
wiTeli ujredebis pigments – hems waagavs. qlorofili STanTqavs mzis sinaTlis speqtris wiTeli 
da lurji feris sxivebs.

arsebobs sinaTlis mSTanTqmeli sxva pigmentebic, romlebic zogierTi wyalmcenaris da baqte-
riis wabla, Zoweul, wiTel Seferilobas ganapirobebs. magaliTad, baqteriebSi fotomasinTezebeli 

sur. 5.2.	fotosinTezis gamartivebuli sqema.
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pigmentebia baqterioqlorofili da baqteriorodopsini.
fotosinTezSi ganarCeven or – sinaTlisa da sibnelis fazas.
fotosinTezis sinaTlis faza. mcenareebSi fotosinTezi xiluli sinaTliT qloroplastis 

ganaTebiT iwyeba. mzis energiis didi nawili fotonebis, anu xiluli sinaTlis qvantebis saxiT ga-
mosxivdeba. qloroplastebi Seicavs erTmaneTisagan gansxvavebuli Senebis or fotosistemas – 
fotosistema I-s da fotosistema II-s. maTi reaqtiuli centrebi qlorofilis molekulebisa da 
specifiuri cilis kompleqebia. fotosistema I-is aqtiur centrSi lokalizebuli qlorofili 
STanTqavs xiluli sinaTlis speqtris 700 nm talRis sigrZis mqone qvantebs, xolo fotosistema 
II-Si lokalizebuli qlorofilis mier STanTqmuli qvantebis talRis sigrZe 680 nm-ia. qvantebis 
STanTqmis Sedegad qlorofilis molekulaSi Semavali eleqtroni damatebiT energias iZens, gada-
dis agznebul mdgomareobaSi, tovebs Tavdapirvel orbitas da qlorofilis molekulis energiiT 
ufro mdidar doneze “gadaxteba”. energiiT mdidari agznebuli eleqtronebi aseT mdgomareobaSi 
ver rCeba da eleqtronebis gadamtanebis jaWvis gaswvriv gadaadgildeba. gadaadgilebis procesSi 
eleqtroni kargavs energias, romelic adf-sa da fosfatisagan atf-s sinTezs xmardeba. atf-s sin-
TezSi fotosistema II monawileobs. agzenbuli eleqtronebis nawili ki rTuli organuli naerTis 
– nikotinamidadenindinukleotidfosfatis daJanguli formis (nadf+-is) nadf.H-mde aRsadge-
nad gamoiyeneba. am procesSi ki fotosistema I monawileobs (sur. 5.2). 

fotosistema II sinaTlis energiis zemoqmedebiT wylis molekulis daSlaSic anu fotolizis 
procesSic monawileobs (sur. 5.2). 

 wylis fotolizis srulad ganxorcielebisaTvis sinaTlis 4 qvantia hν) saWiro. fotolizis 
Sedegad warmoiqmneba eleqtronebi (e-), protonebi anu wyalbadis ionebi (H+) da Jangbadis molekula 
(O2), romelic garemoSi gamoiyofa da nebismieri aerobuli organizmis sunTqvisTvisaa aucilebeli.

wylis fotolizis procesi Semdegi formuliT gamoisaxeba: 

 

(hν) 

 

2H2O                       4H+ + 4e- + O2 

 

 

   hν  

fotosinTezis sibnelis faza. sinaTlis fazaSi warmoqmnili atf, nadf.H da wyalbadis io-
nebi atmosferodan STanTqmuli naxSirorJangidan glukozis sinTezs xmardeba. qloroplastebi 
Seicavs ferments, romelic CO2-is molekulebis ribozis warmoebulTan - 1,5-ribulozodifo-
sfatTan dakavSirebas akatalizebs. am rTul 8 didi da 8 mcire suberTeulisagan Semdgar ferments 
ribulozo-1,5-difosfat-karboqsilaza ewodeba. is akatalizebs araorganuli naxSirorJangis 
organul naerTebad – naxSirwylebad gardaqmnas. CO2-is erTi molekulis 1,5-ribulozodifosfat-
Tan dakavSirebis (karboqsilirebis reaqcia) Sedegad warmoiqmneba xanmokle arsebobisunariani 
eqvsnaxSirbadiani naerTi, romelic hidrolizis Sedegad samnaxSirbadian fosfoglicerinis mJavas 
or molekulad iSleba. fermentebis “konveieri” am ori molekulidan fruqtozo-6-fosfats war-
moqmnas, romelic Semdgom glukozad gardaiqmneba. glukozis polimerizaciis Sedegad ki saxamebe-
li da ujredisi (celuloza) warmoiqmneba.

CO2-is fiqsacia da organul naerTebad gardaqmnis procesi cikluri xasiaTisaa - CO2-is fiqsa-
ciis procesSi warmoqmnili Sualeduri naxSirwylebi kondensirdeba da CO2-is pirvelad aqcepto-
rad -  1,5-ribulozodifosfatad gardaiqmneba, romelic kvlav erTveba CO2-is fiqsaciis ciklSi. am 
cikls, misi aRmomCenis amerikeli bioqimikosis m. kalvinis sapativcemlod, kalvinis cikli ewodeba.

glukozis erTi molekulis warmosaqmnelad naxSirorJangis 6 molekulaa saWiro. am pro-
cesSi ixarjeba atf-s 18 da nadf.H-is 12 molekula. ujredebSi glukozis polimerizebis Sedegad 
warmoiqmneba polisaqaridebi – saxamebeli da ujredisi (celuloza). glukoza ara marto energi-
is mniSvnelovani wyaroa, aramed mravali organuli nivTierebis saSen masalasac warmoadgens. misi 
naxSirwyalbadovani komponentebi Sedis cocxali organizmebis umniSvnelovanes nivTierebaTa 
(polisaqaridebis, lipidebis, cilebisa da nukleinebis mJavebis) molekulebis SemadgenlobaSi. am 
nivTierebaTa molekulebi sxva qimiur elementebsac (Jangbads, azots, gogirds, fosfors) Seicavs, 
magram ZiriTadi C – C da C – H  bmebia. 

  amrigad, mzis sinaTle aucilebelia naxSirwylebis sinTezis energiiT mdidari naerTebiT - 
atf-Ti da nadf.H-iT momarageba. naxSirwylebis sinTezi ki sibneleSic SeiZleba mimdinareobdes. es 
procesi uSualod mzis sinaTles ar saWiroebs; amitomac mas sibnelis stadia ewoda

fotosinTezis sinaTlis fazaSi warmoqmnili atf da nadf.H  sxva organuli naerTebis (cxime-
bis, cilebis, nukleinis nJavebis da sxv.) sinTezisTvisac gamoiyeneba. mcenareebi organuli nivTie-
rebebis sinTezisaTvis mxolod araorganul nivTierebebs – azotis, fosforis, gogirdis Semcvel 
naerTebs iyenebs.

fotosinTezis unaris mqone ujredebSi warmoqmnil organul nivTierebebs gamoiynebs dedami-
waze arsebuli yvela, fotosinTezis unars moklebuli organizmebi. gamonaklisia qemomasinTezebe-
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li mikroorganizmebi (ix. $5.3).
dedamiwaze sicocxlis arseboba fotosinTezzea damokidebuli. fotosinTezis procesSi ara-

organuli nivTierebebidan xdeba sicocxlisaTvis aucilebeli organuli nivTierebebis warmoqmna. 
fotosinTezis Sedegad yovelwliurad daaxloebiT 150 miliardi tona organuli nivTiereba war-
moiqmneba, 300 miliardi tona CO2 –is SeboWva da daaxloebiT 200 miliardi tona Tavisufali Jan-
gbadis gamoyofa xdeba. atmosferoSi arsebuli Jangbadi biogenuri warmoSobisaa da fotosinTezis 
Tanmdev produqts warmoadgens. evoluciis procesSi swored pirvel mwvane organizmebSi mimdina-
re fotosinTezis Sedegad dedamiwis pirvelad atmosferoSi gaCnda Jangbadi, romlis dagrovebis 
gamo SesaZlebeli gaxda sunTqvis procesis gaCena. Semdgom ki ozonis Sris  warmoiqmnam, romelic 
mokletalRiani ultraiisferi gamosxivebisagan icavs cocxal organizmebs, SesaZlebeli gaxada si-
cocxlis wylidan xmeleTze gadmosvla.

5.3. qemosinTezi
	 bunebaSi araorganulidan organuli nivTierebebis warmoqmna ara marto fotosinTezis pro-

cesSi xdeba. arsebobs avtotrofuli baqteriebi, romlebic organuli nivTierebebis sinTezisaTvis 
iyenebs im energias, romelic gamoiyofa araorganuli nivTierebebis – wyalbadis, gogirdwyalbadis, 
amiakis, orvalentiani rkinis da sxv. daJangvis Sedegad. gamoyofili energia atf-s formiT marag-
deba, romelic Semdgom organuli nivTierebis sinTezisaTvis gamoiyeneba. am process qemosinTezi 
ewodeba. 

	 im wyalsatevebSi, romelic gogirdwyalbads Seicavs didi raodenobiTaa gavrcelebuli go-
girdbaqteriebi. naxSirorJangidan organuli nivTierebis sinTezisaTvis saWiro energias isini go-
girdwyalbadis daJangvis Sedegad iReben. 

2 H2S + O2  =  2 H2 O + 2 S + energia

am procesis Sedegad warmoqmnili gogirdi baqteriebis ujredebSi wvrili marcvlebis saxiT 
grovdeba da garemoSi gogirdwyalbadis naklebobisas baqteriebi am gogirds gogirdmJavamde Jan-
gavs. 

2 S + 3 O2 + 2 H2 O  = 2 H2 S O4 + energia

gogirdbaqteriebis auracxeli raodenobaa Sav zRvaSi, sadac 200 metrze met siRrmeSi wyali 
gogirdwyalbadiTaa gajerebuli. 

	 niadagsa da zogierT wyalsatevSi farTodaa gavrcelebuli nitrifikaciis baqteriebi. isini 
organuli nivTierebebis sinTezisaTvis saWiro energias amiakisa da azotovani mJavas daJangvis Sede-
gad iReben. nitrifikaciis baqteriebi mniSvnelovan rols TamaSobs garemoSi azotis mimoqcevaSi.

	 cilebis daSlis Sedegad warmoqmnili amiaki nitrifikaciis baqteriebis (magaliTad, baqte-
ria nitrosomonasis – nitrosomonas) mier azotovan mJavamde iJangeba.

2 NH3 + 3O2 =  2 HNO2 + 2H2O

warmoqmnili azotovani mJava azotmJavamde iJangeba. es procesi ki nitrobaqteriebis – nitro-
bacter  mier xorcieldeba. 

2 HNO2 + O2 = 2HNO3+ energia

niadagSi mimdinare nitrifikaciis procesebis Sedegad nitratebi warmoiqmneba, romlebic 
aucilebelia mcenareebis normaluri zrda-ganviTarebisaTvis. niadagSi farTodaa gavrcelebuli 
wyalbadis damJangavi baqteriebic. 

2 H2  + O2 = 2 H2 O+ energia

	 rkinisa da manganumis naerTebis damJangavi qemomasinTezebeli baqteriebi gavrcelebulia 
rogorc mtknar wylebSi, aseve zRvebSi. adreul geologiur epoqebSi maTi cxovelqmedebis Sedegad 
warmoiqmna rkinisa da manganumis madnis sabadoebi.
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5.4. cilis biosinTezi

	 cilis biosinTezi anu aminomJavebidan po-
lipeptiduri jaWvis sinTezi rTuli mravalstadia-
ni procesia. is cocxali organizmebis ujredebis 
citoplazmaSi arsebul ribosomebSi mimdinareobs. 
cilis biosinTezSi uSualo monawileobas informa-
ciuli rnm (i-rnm) da transportuli rnm (t-rnm) Re-
bulobs. 

	 informacia ujredisaTvis damaxasiaTebel 
nebismier cilaSi aminomJavaTa Tanamimdevrobis Se-
saxeb dnm-Sia lokalizebuli. dnm cilis biosinTezSi 
uSualod ar monawileobs. mcenareebis, cxovelebisa 
da adamianis ujredebSi dnm-is molekulebi birTvSi 
arsebul qromosomebSia lokalizebuli da cito-
plazmisagan birTvis garsiT aris gamijnuli. 

	 transkripcia. informacia birTvidan ribo-
somebisaken informaciul rnm-is (i-rnm) gadaaqvs. 
i-rnm-is sinTezi dnm-Si arsebuli erTi an erTmaneTis 
TanamimdevrobiT ganlagebuli genebis jgufis (erT-
maneTis gverdi – gverd ganlagebuli genebis jgufi 
Seicavs informacias im cilebis Sesaxeb, romlebic 
romelime erTi funqciis Sesasrulebladaa aucile-
beli.) gaswvriv mimdinareobs. am procesSi uSualod 
fermenti rnm–polimeraza monawileobs. i-rnm-is 
sinTezis process transkripcia (laT. transcrip-
tion – gadawera) ewodeba (sur. 5.3).

	 transkripcia komplementarobis principis Sesabamisad mimdinareobs. rogorc cnobilia, 
i-rnm erTjaWviani molekulaa da informaciis gadawerac dnm-is erTi jaWvidan xdeba. transkripcia 
iwyeba e. w. transkripciis sawyisi wertilidan – promotoridan. rnm–polomeraza promotors 
ukavSirdeba da iwyebs dnm-is ormagi jaWvis erTmaneTisagan daSorebas da erT-erTi jaWvis gaswvriv 
komplementaruli ribonukleotidebisagan Semdgar polimers warmoqmnis. magaliTad, Tu dnm-is 
jaWvSi aris guaniniani dezoqsiribonukleotidi, maSin rnm-polimerza i-rnm-is molekulaSi cito-
zinian ribonukleotids CarTavs; Tu Timiniani  dezoqsiribonukleotidia – i-rnm-Si CaerTveba ade-
niniani ribonukleotidi, xolo Tu adeniniani dezoqsiribonukleotidia – CaerTveba uraciliani 
ribonukleotidi.  

transkripciis procesSi 4 stadias ganarCeven:
1. rnm-polimerazas promotorTan dakavSireba;
2. iniciacia – i-rnm-is sinTezis dasawyisi;
3. elongacia – i-rnm-is jaWvis dagrZeleba; 
4. terminacia – i-rnm-is sinTezis damTavreba.
i-rnm-is sinTezi mimdinareobs dnm-is erT JaWvSi (matricaSi, anu nimuSSi) Cawerili informaci-

is Sesabamisad da iseve, rogorc dnm-is replikaciis procesi, matriculi sinTezis tipis reaqciebs 
miekuTvneba.  

genetikuri kodi. dnm-isa da i-rnm-is molekulebSi genetikuri informacia nukleotidebis 
TanamimdevrobiTaa ,,Cawerili”.  ,,nukleotidebis enaze” Cawerili informaciis sinTezirebadi ci-
lis molekulaSi ,,aminomJavebis enaze” ,,gadaTargmna” genetikuri kodis meSveobiT xorcieldeba. 
kodi anu Sifri warmoadgens simbooebis sistemas, romelsac informaciis erTi forma meore forma-
Si gadayavs. 	

genetikuri kodi warmoadgens cilis molekulaSi amonomJavaTa Tanamimdevrobis Sesaxeb in-
formaciis informaciul rnm-Si nukleotidebis Tanamimdevrobis saxiT Caweris sistemas.  

genetikuri kodi tripleturia. rnm 4 saxis nukleotids Seicavs. esenia adeniani (SemoklebiT 
a), guaniniani (g), citoziniani (c) da uraciliani (u) nukleotidebi. cilebis SenebaSi ki 20 saxis ami-
nomJava monawileobs.

	 Tu CavTvliT, rom erTi aminomJava erTi nukleotidiTaa kodirebuli, maSin 16 aminomJava 
kodis gareSe rCeba. bunebam Seqmna tripleturi kodi – 20 aminomJavidan TiToeuli 3 nukleotidis 
TanamimdevrobiTaa daSifruli, romelsac tripleti an kodoni ewodeba. 4 nukleotididan SeiZleba 
3 nukleotidisagan Semdgari 64 kombinaciis miReba. yoveli aminomJava daSifrulia erTze meti tri-
pletiT. gamonaklisia ori aminomJava – meTionini da triptofani, romlebic mxolod TiTo kodoniT 

sur.  5.3. i-rnm-is sinTezis gamartivebuli sqema
1 – dnm-s ormagi jaWvi,  2 – sinTezirebadi  i-rnm
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aris daSifruli (cxr. N 5.1).  
genis natifi agebulebisa da misi moqmedebis regulaciis Sesaxeb ix. $7.5.2 da $7.5.3.

cxrili 5.1
aminomJavebis Sesabamisi da terminaciuli kodonebi

   aminomJava      kodoni

alanini gcu, gcc, gca, gcg

arganini cgu, cgc, cga, aga, agg

asparagini aau, aac

asparaginis mJava gau, gac

valini guu, guc, gua, gug

histodini cau, cac

glicini ggu, ggc, gga, ggg

glutamini caa, cag

glutaminis mJava gaa, gag

izoleicini auu, auc, aua

leicini cuu, cuc, cua, cug, uua, uug

lizini aaa, aag

meTionini aug

prolini ccu, ccc, cca, ccg

serini ucu, ucc, uca, ucg, agu, agc

Tirozini uau uac

treonini acu, acc, aca, acg

triptofani ugg

fenilalanini uuu, uuc

cisteini ugu, ugc

terminaciuli kodonebi uaa, uag, uga

	 translacia. ujredis birTvSi 
sinTezirebuli i-rnm birTvis garsSi ar-
sebuli forebis gavliT gadadis cito-
plazmaSi da ribosomebisaken miemarTe-
ba, sadac xdeba i-rnm-Si nukleotidebis 
,,enaze” Cawerili informaciis aminomJa-
vebis ,,enaze” gadaTargmna. es procesi ri-
bosomebSi mimdinareobs da translacia 
(laT. translatio – gadaTargmna) ewodeba. 

	 cilis sinTezisTvis saWiro ami-
nomJavebi ribosomebisaken specialuri 
rnm-is meSveobiT gadaitaneba. mas tran-
sportuli rnm (t-rnm) ewodeba. t-rnm-is 
molekula 60-70 nukleotidisagan Sedge-
ba da isea daxveuli, rom samyuras foT-
lis formas emsgavseba (sur. 5.4). ujredSi 
aris imdenive saxis t-rnm, ramdeni ko-
diniTac aris daSifruli aminomJavebi. 
yoveli saxis t-rnm-is erT boloSi sami 
nukleotidia, romlebic i-rnm-is kodo-
nis nukleotidebis komplementarulia. 
maT antikodonebi ewodeba. specialu-
ri fermenti – kodaza uzrunvelyofs, 
rom t-rnm-is meore boloSi mxolod is 
aminomJava daukavSirdes, romelic da-
Sifrulia yoveli konkretuli t-rnm-is sur.  5.4. satransporto rnm-s agebulebis sqema
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nivTierebaTa da energiis cvla

antikodOOonis komplementaruli triple-
tiT. am process fermentebi aminoacil-
t-rnm sinTetazebi akontrolebs. Ti-
Toeuli fermenti specifiuria mxolod 
erTi aminomJavisaTvis da am aminomJavas 
Sesabamisi erTi an meti t-rnm-saTvis. ami-
nomJavas t-rnm-isTan dakavSirebas ami-
nomJavebis aqtivacia ewodeba da am dros 
atf-s erT molekulaSi akumulirebuli 
energia ixarjeba.

translaciis procesis dasawyiss 
iniciacia ewodeba. iniciacia maSin iwye-
ba, rodesac yoveli genis komplemen-
taruli polinukleotidis anu i-rnm-s 
pirvel adgilze mdgomi tripleti aug 
ribosomaSi iseT pozicias ikavebs, rom 
masTan urTierTmoqmedebs specialuri 
t-rnm, romelTanac dakavSirebulia ara 
aminomJava meTionini, aramed formilme-
Tionini. swored formilmeTioninidan  
iwyeba cilis biosinTezi. polipeptidu-
ri jaWvis sinTezis damTavrebis Semdeg es 
aminomJava scildeba cilis molekulas.

imisaTvis, rom aminomJava CaerTos sinTezirebad polipeptidur JaWvSi, kavSiri t-rnm-sTan 
unda gawydes. es mxolod im SemTxvevaSi xdeba, rodesac t-rnm ribosomaSi SeaRwevs da misi antikodi-
ni ,,icnobs” i-rnm-is kodons.

iniciaciis Semdeg iwyeba polipeptiduri jaWvis awyoba da masSi aminomJavaTa raodenobis Tan-
daTanobiTi zrda. am process elongacia ewodeba. ribosomis im ubnis zoma, romelSic translacia 
mimdinareobs 6 nukleotidis, anu ori tripletis zomas Seesabameba. ribosomaSi moxvedrili i-rnm-is 
mxolod is 2 tripletia gaaqtivebuli, romlebic am ubanSia. i-rnm-is erT tripletTan dakavSirebu-
lia komplementaruli antikodinis mqone t-rnm, romlis meore boloze mierTebulia sinTezirebadi 
cilis ukve sinTezirebuli nawili. ribosomis aRniSnul ubanSi moxvedrili t-rnm-ebidan transla-
ciis procesSi mxolod is CaerTveba, romlis antikodini i-trnm-is gaaqtivebuli meore tripletis 
komplementarulia. am t-rnm-sTan dakavSirebuli aminomJava miierTebs polipeptidis zrdad jaWvs 
da maT Soris peptiduri bma myardeba. am procesTan TiTqmis erTdroulad ribosoma erTi bijiT 
gadaadgildeba, aminomJavas gareSe darCenili t-rnm citoplazmaSi gadaisroleba, xolo i-rnm-is 
axlad gaaqtivebul kodons (triplets) komplementaruli antikodinis mqone t-rnm-is molekula 
ukavSirdeba da a. S. (sur. 5.5).

	 rodesac ribosomaSi moxvdeba i-rnm-is uaa, uag da uga tripletebidan erT-erTi, maSin imis 
gamo, rom am tripletebis antikodini ar arsebobs, cilis sinTezi mTavrdeba da sinTezirebuli po-
lipeptiduri jaWvi ribosomas scildeba. cilis biosinTezis am stadias terminacia ewodeba.

amrigad, rogorc zemoaRniSnulidan Cans, translaciis anu aminomJavebidan polipeptiduri 
jaWvis awyobis procesic matriculi sinTezis reaqciebs miekuTvneba.

cilis biologiuri aqtivobisaTvis saWiroa misi konformaciis sabolood Camoyalibeba. zog 
SemTxvevaSi polipeptiduri jaWvis daxveva manamde SeuZlebelia, sanam garkveuli reaqciebis wya-
lobiT ar Seicvleba. am process procesingi ewodeba. procesingis erT-erTi saxea polipeptidur 
jaWvTan prosTeturi jgufis mierTeba. procesingis gansakuTrebul formas warmoadgens e.w. 
splaisingi. am SemTxvevaSi sinTezirebuli polipeptiduri jaWvidan xdeba SigniTa garkveuli mo-
nakveTis amoWra, romelic damoukidebel molekulad yalibdeba. darCenili polipeptiduri jaWvebi 
ki erTmaneTs peptiduri bmiT ukavSirdeba. amrigad, erTi sawyisi genisagan ori cilovaani molekula 
warmoiqmneba.

xSirad i-rnm ukavSirdeba ramdenime ribosomas, aseT struqturas polisoma ewodeba. mis Semad-
genlobaSi Semaval yovel ribosomaSi erTi da igive cila sinTezirdeba.

cilis biosinTezis procesSi, miTiTebuli fermentebis garda, bevri sxva fermentic monawi-
leobs da biosinTezis yoveli stadiis ganxorcielebisas atf-s makroergul bmebSi akumulirabuli 
energia gamoiyeneba.

	

sur.  5.5. translaciis procesis sqematuri gamosaxuleba.
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Tavi 6. organizmTa gamravleba da 
individuri ganviTareba

gamravleba anu reproduqcia anu Tavisive msgavsi axali individebis warmoqna cocxal orga-
nizmTa erT-erTi ZiriTadi Tvisebaa. is uzrunvelyofs memkvidruli informaciis gadacemas Taoba-
Ta monacvleobisas. nebismieri saxeoba diskretulia, anu calkeuli individebisagan Sedgeba. saxeo-
bis Semadgeneli yoveli individis sicocxlis xangrZlivoba saxeobis arsebobis xangrZlivobasTan 
SedarebiT umniSvneloa. gamravlebis meSveobiT uzrunvelyofilia TaobaTa morigeoba da saxeobis 
SenarCuneba. gamravlebiTaa ganpirobebuli sicocxlis uwyvetoba dedamiwaze. ganarCeven gamravle-
bis or ZiriTad formas: usqeso da sqesobriv gamravlebas.

6.1. usqeso gamravleba 

usqeso gamravlebaSi mxolod erTi mSobeli monawileobs. Svilebi genetikurad mSoblis iden-
turni arian. individTa Soris genetikuri gansxvaveba spontanurad inducirebuli mutaciis Sede-
gia. erTi mSoblis mier warmoqmnil genetikurad identur STamomavlobas kloni ewodeba. klo-
nis wevrebs Soris gansxvavebas modifikaciuri cvalebadoba iwvevs. gamoyofen usqeso gamravlebis 
ramdenime tips (cxr. 6.1). 

cxrili 6.1.
organizmTa gamravlebis formebi

gamravleba

usqeso sqesobrivi

erTujredianebSi mravalujerdianebSi erTujredianebSi mravalujerdianebSi

a) gayofiT
b) Sizogonia
g) dakvirtviT
d) sporebiT

a)vegetatiurad
b) sporebiT
g) poliembrionia

a) koniugacia
b) kopulacia

a) ganayofierebiT
b) gaunayofiereblad

gayofiT gamravleba. am gziT mravldebian erTujrediani prokariotuli da eukariotuli or-
ganizmebi. gayofas win uZRvis prokariotebSi nukleoidis, xolo eukariotebSi birTvis gayofa. ume-
tes SemTxvevaSi xdeba binaluri gayofa, romlis drosac ori Svileuli ujredi yalibdeba. amgvarad 
mravldebian baqteriebi, erTujrediani wyalmcenareebi, mravali umartivesi, kerZod, Soltianebi-
sa da infuzorebis zogierTi warmomadgenlebi. aRniSnuli organizmebis ujredis gayofa sakmaod 
swrafi procesia. magaliTad, xelsayrel pirobebSi mtknar wylebSi binadari erTujrediani cxove-
lis – amebas gayofas daaxloebiT 20 wuTi sWirdeba.

Sizogoniis anu mravlobiTi gayofis dros dediseuli ujredis birTvi Tanmimdevrulad 
ramdenime birTvad swrafad iyofa. maTgan erTbirTviani Svileuli ujredebi yalibdeba. amgvarad 
mravldeba zogierTi wyalmcenare, umartivesebidan zogierTi sporiani, kerZod, malariis plazmo-
diumi. 

erTujredianTa dakvirtviT gamravlebis dros dediseul ujreds uCndeba gamonazardi kvir-
tis saxiT, romelSic gadadis nukleoidi an birTvi. kvirti TandaTanobiT izrdeba da zomiT dedi-
seuli ujredis zomas aRwevs. Semdeg is dediseul ujreds Sordeba da damoukideblad viTardeba. 
dakvirtviT mravldeba safuari sokoebi, zogierTi baqteria, umartivesebidan – mwovela infuzo-
riebi. 

sporebis warmoqmna (sporulacia). spora erTbirTviani mikroskopuli zomis reproduqciu-
li ujredia. igi haploidia, romelSic mcire raodenobiTaa samarago nivTierebebi. erTujrediane-
bidan sporebiT mravldebian sporianebi, erTujrediani wyalmcenareebi da sokoebi, mravalujre-
dianebidan xavsnairebi, gvimranairebi da sxv. (ix. sur. 3.6. _ 3.8.)

xmeleTis organizmebis (magaliTad, sokoebis) sporebs aqtiuri moZraobis unari ara aqvs; sama-
gierod isini Zalze msubuqia da advilad gadaitaneba haerisa da wylis nakadiT. xelsayrel pirobeb-
Si moxvedrisas spora Rivdeba da axal individs aZlevs dasabams.

wyalmcenareebis sporebi SoltebiTaa SeiaraRebuli, romelTa meSveobiT wyalSi aqtiurad 
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moZraobs.
vegetatiuri gamravlebis dros axali in-

dividebis warmoqmna xdeba dediseuli organizmis 
sxeulis nawilidan. zogierTi biologi vegetatiur 
gamravlebas usqeso gamravlebis mniSvnelobiT xma-
robs. bunebaSi vegetatiuri gamravlebis nairgvari 
xerxi arsebobs. am gziT mravldebian primitiuli 
cxovelebi, zogierTi umdablesi da umaRlesi mcena-
re. dakvirtviT gamravleba niSandoblivia Rruble-
bisa da nawlavRruianebisaTvis. magaliTad, hidras 
uCndeba kvirti, romlis kedeli eqtodermisa da en-
todermisagan Sedgeba. misgan TandaTanobiT for-
mirdeba dediseuli organizmis msgavsi individi. igi 
mocilebis Semdeg damoukidebel cxovrebas iwyebs 
(sur. 6.1). fragmentaciis (sxeulis dayofa nawile-
bad) dros dediseuli sxeuli or an met nawilad iyo-
fa. TiToeuli maTgani aRidgens dakargul nawils 
da zrdasrul zomas aRwevs. fragmentaciis gziT mravldeba zogierTi nawlavRruiani, brtyeli da 
rgolovani Wia, ekalkaniani da sxv. vegetatiuri organoebiT (magaliTad, fesuriT, bolqviT, tube-
riT, pwkaliT, foTliT da sxv.) mravldeba zogierTi umaRlesi mcenare (sur. 6.2). 

usqeso gamravlebis Taviseburi tipia poliem-
brionia. amdagvari gamravlebis dros embrioni 
ramdenime nawilad iyofa da TiToeuli maTgani da-
moukidebel organizmad yalibdeba. poliembrionias 
vxvdebiT mwerebSi, kerZod, mxedrebSi. ZuZumwovre-
bidan – javSnianebSi. am gziT warmoiqmneba ZuZumwo-
vrebSi, maT Soris adamianebSi monozigoturi tyupe-
bi. 

sicocxlis ganviTarebis procesSi usqeso 
gamravleba gacilebiT adre Camoyalibda. igi 3 mi-
liard welze metia, rac organul samyaroSi arsebobs 
da organuli samyaros TiTqmis yvela ZiriTad jgufSi 
gvxvdeba. usqeso gamravleba xels uwyobs rogorc 
individTa ricxovnobis zrdas, ise maT gansaxlebas. 
uZrav (mjdomare) da nakleb moZrav organizmebSi gaZ-
nelebulia gametebis Sexvedra. individTa mxolod 
sqesobrivi gamravlebis SemTxvevaSi maTi ricxovno-
ba Semcirdeba. usqeso gamravlebis mniSvneloba ima-
Sic gamoixateba, rom Svileuli organizmi, romelic 
mSobelTan aris dakavSirebuli, efeqturad iyenebs 
energias da did zomas aRwevs. amitom gacilebiT metia aseTi organizmis arsebobisaTvis brZolaSi 
gadarCenisa da reproduqciul asakamde miRwevis albaToba.

6.2. sqesobrivi gamravleba 

sqesobrivi gamravlebaSi ori individi monawileobs. maT organizmSi haploiduri qromosomu-
li kompleqtis mqone sasqeso ujredebi – gametebi yalibdeba. gametebi ori tipisaa: mdedrobiTi da 
mamrobiTi, maTi urTierTSerwymiT miiReba diploiduri ujredi _ zigota, saidanac axali orga-
nizmi viTardeba. primitiul organizmebSi ki gametebi mxolod erTi tipisaa. 

sqesobrivi gamravlebis dros mimdinareobs ori sxvadasxva organizmis genetikuri masalis ga-
danawileba (rekombinacia) STamomavlobaSi. sqesobrivi gamravleba safuZvlad udevs kombinaciur 
cvalebadobas. 

erTujredianebSi sqesobrivi gamravlebis ori ZiriTadi forma gvxvdeba: konugacia da kopu-
lacia. 

konugacia sqesobrivi gamravlebis Taviseburi formaa. igi gvxvdeba infuzoriebSi (sur 6.3). 
infuzorias aqvs ori birTvi: didi – makronukleusi da mcire – mikronukleusi. konugaciis dros 

sur. 6.1. hidras dakvirtviT gamravlebis sqema

sur. 6.2. briofilumis foTlidan  ganviTarebu-
li Cekiakvirtebi
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ori infuzoria piris xvreliT 
ekvris erTmaneTs da cito-
plazmuri xidakiT erTdeba. 
TiToeul individSi makronu-
kleusi iSleba. mikronukleu-
sidan ki meiozis Sedegad oTxi 
haploidi birTvi warmoiqmne-
ba. sami birTvi iSleba, erTi 
rCeba. es ukanaskneli mitozis 
gziT iyofa da ori birTvi ya-
libdeba: stacionaruli da 
migrirebadi. citoplazmuri 
xidakis gavliT xdeba migri-
rebadi birTvebis mimocvla. 
stacionaruli da partniori-
sagan gadmosuli migrirebadi 
birTvebi erTimeores erwymis 
da miiReba sinkarioni, ro-
melSic qromosomaTa diploi-
duri raodenobaa. TiToeul 
individSi rTuli gardaqm-

nis gziT yalibdeba mikro– da makronukleusi. konugaciis Semdeg individebi erTmaneTs scildeba. 
Semdgom TiToeuli maTgani usqeso gamravlebas iwyebs. 

kopulacias vxvdebiT zogierT erTujredian organizmSi. am dros erTujredian organzmeb-
Si meiozis Sedegad yalibdeba haploiduri qromosomuli kompleqtis mqone gametebi, romelTa 
urTierT SerwymiT miiReba diploiduri zigota. zogierT erTujredian organizmSi warmoqmnili 
gametebi morfologiurad (fenotipurad) msgavsia da mxolod genetikurad gansxvavdeba. isini Sei-
cavs sqesis ganmsazRvrel gansxvavebul determinantebs. erTmaneTs erwymis sqesis ganmsazRvreli 
gansxvavebuli genebis mqone gametebi. sqesobrivi gamravlebis im umartives formas, romlis drosac 
xdeba morfologiurad msgavsi gametebis urTierTSerwyma, izogamia ewodeba. is gvxvdeba umarti-
vesebSi (fesvfexianebi, radiolariebi da sxv.). zogierT erTujredian wyalmcenaresa da umdables 
sokoSi warmoiqmneba morfologiurad gansxvavebuli moZravi gametebi. sqesobriv process, romlis 
drosac erTmaneTs erwymis SedarebiT diferencirebuli da erTmaneTisagan gansxvavebuli gametebi 
anizogamia ewodeba. oogamiis dros erT-erT organizmSi warmoiqmneba didi zomis, uZravi (mdedro-
biTi), meoreSi ki mcire zomis moZravi (mamrobiTi) 
gametebi, igi gvxvdeba zogierT Soltosan orga-
nizmebSi (magaliTad, volvoqsi). 

mravalujredian cxovelTa umetesoba mxo-
lod sqesobrivad mravldeba. saxeobebs, romlebSic 
damoukideblad arseboben mdedrobiTi da mamrobi-
Ti individebi, calsqesiani ewodeba. amdagvaria cxo-
velTa didi nawili da adamiani. zogierT SemTxvevaSi 
sxvadasxva sqesis individebi erTmaneTisagan gare-
gnobiTac gansxvavdeba, e. i. aRiniSneba sqesobrivi 
dimorfizmi. zogierTi saxeobis erTsa da imave in-
dividSi yalibdeba mdedrobiTi da mamrobiTi ga-
metebi. aseT organizms hermafrodits uwodeben. 
hermafroditizmi sqesobrivi gamravlebis primi-
tiul formadaa miCneuli. igi evoluciurad dabal 
safexurze mdgom formebSi gvxvdeba. kerZod, mjdo-
mare, naklebad moZrav da parazituli niris cxove-
lebSi. magaliTad, zogierT nawlavRruianebSi, Tasma 
WiebSi, rgolovan WiebSi, xmeleTis moluskSi (Helix) 
da sxv. 

mravalujredian cxovelebSi gametebi sasqeso 
jirkvlebSi warmoiqmneba, kvercxujredebi – sakver-
cxeebSi, spermadozoidebi – saTesleebSi. 

sur. 6.3. qalamanas sqesobrivi gamravlebis sqema
1 _ makronukleusi, 2 _ diploiduri mikronukleusi, 3 _ meiozi, 4 _ hap-
loiduri mikronukleusi, 5 _ singamia, 6 _ diploiduri mikronukleusi, 
7 _ axali makronukleusebi, 8 _ mikronukleusebi.

sur. 6.4. ZuZumwovrebis kvercxujredis sqema
1 – citoplazma, 
2 – birTvi, 
3 – garsi,
4 – folikuluri ujredebi.
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kvercxujredi sferuli an ovaluri 
formisaa (sur. 6.4). kvercxujredi zomiT War-
bobs organizmis rogorc sxva ujredebs, ise 
spermatozoidebs. zogierTi gamonaklisis 
garda, kvercxujredi dafarulia garsebiT. 
masSi grovdeba CanasaxisaTvis saWiro sakvebi 
masala – yviTri. kvercxujredis zoma sxva-
dasxva saxeobis cxovelSi varirebs yviTris 
raodenobis mixedviT. kvercxismdebel cxove-
lebSi kvercxujredi gacilebiT didi zomisaa, 
vidre cocxladmSob cxovelebSi. placentiani 
ZuZumwovrebis kvercxujredi mcire zomisaa, 
misi zoma 50-180 mkm Seadgens, adamianSi 89-91 
mkm-ia. zogierT kvercxismdebel cxovelSi 
kvercxujredi sakmaod didi zomisaa. magali-
Tad, meqaSaye zvigenSi kvercxujredis sigrZe 
29 sm-ia, siraqlemas kvercxis diametri 10,5 sm-
ia, qaTmisa ki 3,5 sm.

spermatozoidi moZraobis unaris mqone 
mcire zomis haploiduri ujredia (sur. 6.5). 
ZuZumwovrebis spermatozoids gaaCnia Tavi. 
misi ZiriTadi nawilia birTvi da mis apikalu-
rad moTavsebuli akrosoma, romelic Semo-
sazRvrulia membraniT da Seicavs hidrolizur 
fermentebs. misi meSveobiT spermatozoidi 
iWreba kvercxujredSi. zogjer spermatozoi-
dis Tavs mosdevs viwro yeli, romlis Semdeg 
mdebareobs Sua nawili. Sua nawilSi moTavse-
bulia ori centrioli. mas garSemo akravs spi-
ralurad ganlagebuli mitoqondriebi, e. w. 
Tanmxlebi birTvi. spermatozoidis metabolu-
ri da energetikuli aqtivoba am ubanTanaa dakavSirebuli. kudis mTavari elementia RerZuli Zafi. 
igi iwyeba Sua nawilSi moTavsebuli centriolidan. kudis meSveobiT spermatozoidi moZraobs. Ti-
Toeuli saxeobisaTvis damaxasiaTebelia spermatozoidis gansazRvruli forma da zoma. igi ar aris 
damokidebuli cxovelis ganviTarebis donesa da zomaze (mag. buRis spermatozoidis sigrZea 65 mkm, 
adamianisa – 50-60 mkm, beRurisa - 200 mkm).

6.3. sasqeso ujredebis Camoyalibeba cxovelebSi

sasqeso ujredebis anu gametebis warmoqmnis process gametogenezi ewodeba. gametogenezi 
mravalujredian cxovelebSi specialur organoebSi – sasqeso jirkvlebSi mimdinareobs. gametoge-
nezis Sedegad yalibdeba specializebuli haploiduri ujredebi, romelTa mTavari funqcia memkvi-
dreobiTi masalis STamomavlobiT gadacemaa.

spermatogenezi aris mamrobiTi sasqeso ujredebis warmoqmnis procesi. is gamravlebis, zr-
dis, momwifebisa da formirebis periodebisagan Sedgeba (sur 6.6). gamravlebis periodSi diploi-
duri pirveladi sasqeso ujredebi – spermatogoniebi mitozurad iyofa, ris Sedegad maTi ricxvi 
izrdeba. Semdeg spermatogoniebi Sedian zrdis periodSi da maTi intensiuri zrda mimdinareobs. 
maT pirveli rigis spermatocitebi ewodeba. maTi genetikuri aparati reduqciisaTvis emzadeba. 
momwifebis periodSi ujredebi orjer Tanamimdevrulad iyofa (meiozi), ris gamoc qromosomaTa 
ricxvi naxevrdeba. pirveli mosamwifebeli gayofis Sedegad warmoiqmneba ori Svileuli ujredi maT 
meore rigis spermatocitebi ewodeba. meore mosamwifebeli gayofis Sedegad miRebul ujredebs 
ki _ spermatidebi. meoTxe _ formirebis periodSi spermatidebi spermatozoidebad gardaiqmne-
ba. spermatidebi Caflulia specifiuri e.w. sertolis ujredebis citoplazmaSi, sadac maTi sperma-
tozoidebad gardaqmna xdeba. amrigad, yoveli pirveli rigis spermatocitidan oTxi tolfasovani 
spermatozoidi miiReba. 

oogenezi aris mdedrobiTi sasqeso ujredebis warmoqmnis procesi da masSi gamoyofen sam 

sur. 6.5. spermatozoidis sqema.
1 – Tavi,  2 – yeli, 3 – sxeuli, 4 – kudi, 5 – akrosoma, 6 – 
birTvi, 7 – centrioli, 8 – mitoqondriebi, 9 – mkvrivi 
boWkoebi, 10 – mikromilakebi,  11 – boWkovani garsi.
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periods: gamravlebis, zrdis da momwifebis 
(sur. 6.6). gamravlebis periodSi pirveladi sa-
sqeso ujredebi – oogoniebi mitozurad iyo-
fa, ris Sedegad maTi raodenoba mkveTrad ma-
tulobs. Semdeg isini Sedian zrdis periodSi 
da pirveli rigis oocitebi ewodebaT. am 
ujredebis birTvis genetikuri aparati re-
duqciisaTvis emzadeba. citoplazmaSi grovde-
ba CanasaxisaTvis saWiro samarago masala – yvi-
Tri, ris gamoc ujredebis zomebi mkveTrad 
izrdeba. oogenezSi zrdis periodi spermato-
genezTan SedarebiT gacilebiT xangrZlivia. 
momwifebis periodSi pirveli rigis oociti 
orjer Tanamimdevrulad iyofa (meiozi). pirve-
li gayofis Sedegad miiReba didi zomis meore 
rigis oociti da mcire zomis pirveli rigis 
mimarTulebiTi sxeulaki (policiti). amave 
periodSi pirveli rigis mimarTulebiTi sxeu-
laki aswrebs gayofas da warmoiqmneba ori meo-
re rigis policiti. momwifebis periodSi gayo-
fis Sedegad meore rigis oocitidan erTi didi 
zomis ootidi da erTi meore rigis policiti 
warmoiqmneba. amrigad momwifebis periodis bo-
los yoveli pirveli rigis oocitdan miiReba 
oTxi haploiduri ujredi - erTi didi zomis 
ootidi, romelic kvercxujredad yalibdeba, 
da sami mcire zomis mimarTulebiTi sxeulaki, 
romlebic umetes SemTxvevaSi iSleba.

6.4. meiozi

meiozi ujredis ori swrafi, urTierT-
momdevno gayofaa, romlis drosac mxolod 
erTxel xdeba qromosomaTa gaormageba da 
erTi dediseuli ujredidan oTxi ujredi war-
moiqmneba. am oTx ujreds, dediseuli ujredsa-

gan gansxvavebiT qromosomaTa ganaxevrebuli raodenoba aqvs. magaliTad, meiozis Sedegad erTi 
diploiduri ujredidan oTxi haploiduri ujredi warmoiqmneba (qvemoT ganxiluli iqneba di-
ploiduri ujredis meiozuri gayofa). meiozi sasqeso ujredebis formirebis pirobaa. meiozis 
rogorc pirveli, aseve meore gayofis procesSi imave fazebs ganarCeven, rasac mitozuri gayofis 
dros. metad specifiurad da SedarebiT xangrZlivad mimdinareobs meiozis pirveli – reduqciuli 
gayofis profaza. amitom pirveli gayofis profaza, Tavis mxriv, ramdenime stadiad aris dayofili 
(sur. 6.7). 

interfaza I

meiozis pirveli 
gayofa

profaza I
proleptonema

 leptonema

 zigonema

 paqinema

 diplonema

 diakinezi

 prometafaza I

 metafaza I

 anafaza I

 telofaza I

sur. 6.6. spermatogenezisa da oogenezis sqema.
I _ zrdis stadia, II _ meiozis pirveli gayofa, 
III _ meiozis meore gayofa, IV _ formirebis stadia,
1 _ spermatogonia, 1a _ oogonia, 
2 _ pirveli rigis spermatociti, 2a _ pirveli rigis 
oociti,
3 _ meore rigis spermatocitebi, 3a _ meore rigis 
oociti,
4 _ spermatidebi, 4a _ ootidi, 
5 _ spermatozoidebi, 5a _ kvercxujredi,
6 _ pirveli rigis policiti, 
7 _ meore rigis policitebi
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interfaza II (interkinezi)

meiozis meore gayofa
 profaza II

 metafaza II

 anafaza II

 telofazIa I

sur. 6.7. meiozuri gayofis stadiebi.

meiozis pirveli gayofa (sur. 6.8). pirvel gayofas win uswrebs interfazis stadia, romlis 
drosac adgili aqvs dnm-s replikacias. es procesi iseve mimdinareobs, rogorc mitozuri gayofis 
interfazaSi.

proleptonemis stadia mitozis adreuli profazis msgavsia. am stadiaze qromosomebi uwvri-
lesi Zafebis saxiTaa warmodgenili. aqvs Zlieri spiralizebuli ubnebi − qromomerebi, romelTa ra-
odenoba da mdebareoba specifikuri da mudmivia. mkafiod Cans, rom qromosomebi ori qromatidisagan 
Sedgeba.

leptonemis, anu wvrili Zafebis stadiaze, proleptonemis stadiasTan SedarebiT, qromoso-
mebi ukeT SesamCnevia. kargad Cans, rom yoveli qromosoma Sedgeba ori Zafisagan. am stadiaSi qro-
mosomebi mokldeba da msxvildeba. leptonemis stadiaze ujredSi gaormagebuli qromosomebis di-
ploiduri nakrebia.

zigonemis stadiaze mimdinareobs homologiuri qromosomebis dawyvileba, adgili aqvs maT 
dakavSirebas anu koniugacias. homologiur wyvilTa dakavSireba qromosomebis erT an ramdenime 
wertilSi iwyeba da TandaTanobiT qromosomebs mTlanad moicavs.

paqinemis stadiaze qromosomebi sagrZnoblad mokldeba da msxvildeba. TiToeuli sqeli 
Zafi warmoadgens homologiur qromosomaTa wyvils, e. w. bivalents, romelic oTxi qromatidisa-
gan Sedgeba. amitom bivalents tetradac ewodeba. yovel bivalentSi ki ori centromeraa. paqniemis 
Sua periodSi adgili aqvs qromosomebis gaxleCvas, romelsac SeiZleba Tan axldes qromatidebs So-
ris homologiuri ubnebis gacvla – krosingoveri. vinaidan yoveli tetrada Sedgeba homologiuri 
qromosomebis wyvilisagan, naTelia, rom tetradebis raodenoba qromosomaTa haploiduri ricxvis 
tolia. magaliTad, paqinemis stadiaze adamianis pirvelad sasqeso ujredebSi 23 tetrada da 92 qro-
matidaa.

diplonemis, anu ormagi Zafebis stadiaze mWidrod dakavSirebuli homologiuri qromoso-

sur. 6.8. meiozis fazebis sqematuri gamosaxuleba. 
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mebi erTmaneTs scildeba, magram jer kidev SenarCunebulia urTierTdakavSirebuli ubnebi. warmo-
qmnilia berZnuli asos χ-s msgavsi figurebi, e. w. qiazmebi. qiazmebis raodenoba sakmaod meryevia da 
zogierT homologiur wyvilSi SeiZleba Zalian bevric ki iyos. 

diplonemis da, gansakuTrebiT, diakinezis stadiaze qiazmebis raodenoba TandaTanobiT 
mcirdeba. bivalentebi ekvatoruli sibrtyisaken iwyeben moZraobas (am periodisaTvis ujredis 
polusebi da gayofis TiTistaras Zafebi ukve formirebulia). es ukve pirveli gayofis prometa-
fazis stadiaa.

pirveli gayofis metafaza bivalentebis ekvatorul sibrtyeSi orientaciiT principulad gan-
sxvavdeba mitozis metafazisagan. yovel bivalents ori centromera aqvs. amitom bivalentebi ekva-
torul sibrtyeSi ise lagdeba, rom misi Semadgeneli qromosomebi polusebis mimarT simetriulad 
arian orientirebuli da manZili qromosomasa da polusebs Soris Tanatolia. urTierTparalelu-
rad ganlagebuli homologiuri wyvilis yoveli qromosoma Sedgeba centromerul ubanSi erTmaneT-
Tan mWidrod dakavSirebuli ori qromaridisagan. centromerul ubanSive ukavSirdeba qromosomas 
gayofis TiTistaras Zafebi. arahomologiur qromosomaTa urTierTganlageba ki SemTxveviTi xasia-
Tisaa. 

pirveli gayofis anafazaSi yoveli tetradia diadebad iyofa – yoveli tetradidan erTi qro-
mosomis orive qromatida centromeruli ubniT erTi polusisaken, meore ki meore polusisaken 
waritaceba. mitozis anafazaSi ki polusebisaken waritaceba Svileuli qromosomebi, romlebic me-
tafazaSi qromosomis centromeruli ubnis gaormagebisa da qromatidebis dacilebis Sedegad war-
moiqmna.

pirveli gayofis telofazaSi, rodesac qromosomaTa yoveli homologouri wyvilidan erTi 
erT polusTanaa, meore ki - meore polusTn, xdeba birTvis garsis aRdgena da citoplazmis gayofa. 

amrigad, meiozis pirveli anu reduqciuli gayofis Sedegad erTi diploiduri ujredidan 
warmoiqmneba ori haploiduri ujredi, romlebSic yoveli qromosoma ori qromatidisagan Sed-
geba.

meiozis pirvel da meore gayofas Soris periods interkinezi ewodeba. am dros adgili aqvs ga-
yofis Sedegad warmoqmnili orive ujredis birTvebis struqturis met-naklebad miaxloebas WeSma-
ritad interfazuli birTvis struqturasTan. umetes SemTxvevaSi am dros arc birTvaki yalibdeba 
da, rac mTavaria, ar xdeba dnm-s replikacia.

interkinezs meiozis meore anu ekvaciuri gayofa mosdevs, romelic mitozisagan TiTqmis ar 
gansxvavdeba. meore gayofis profazaSi mimdinareobs yvela is procesi, romelic mitozis profazi-
saTvisaa damaxasiaTebeli. ujredSi qromosomaTa haploiduri nakrebia; yoveli qromosoma Sedgeba 
ori qromatidisagan, romlebic erTmaneTTan mWidrod aris dakavSirebuli. metafazaSi qromosomebi 
ekvatorul sibrtyeSi lagdeba, amavdroulad centromerac ormagdeba da maT gayofis TiTistaras 
Zafebi ukavSirdeba. meore gayofis anafaza da telofaza mitozis amave fazebis analogiurad mim-
dinareobs, anu saboloo jamSi yovel polusTan qromosomaTa haploiduri nakrebi grovdeba, xdeba 
birTvebis garsis aRdgena da qromosomaTa despiralizacia. meiozis meore gayofa citokineziT mTa-
vrdeba.

amrigad, erTi diploiduri ujredis meiozuri gayofis Sedegad warmoiqmneba oTxi haploi-
duri ujredi, romlebic qromosomaTa yoveli homologiuri wyvilidan mxolod erT qromoso-
mas Seicavs.

meiozis biologiuri mniSvneloba SemdegSi mdgomareobs:
1. meiozSi qromosomaTa ricxvis reduqciiTa da ganayofierebisas qromosomaTa diploiduri 

kompleqtis aRdgeniT xorcieldeba TaobaTa monacvleobisas saxeobisaTvis damaxasiaTebeli qro-
mosomaTa mudmivi ricxvis SenarCuneba.

2. meiozi safuZvlad udevs kombinaciur cvalebadobas. meiozis Sedegad didi raodenobiT war-
moiqmneba arahomologiur qromosomaTa axali kombinaciebi. diploidur kompleqtSi homologiuri 
wyvilidan erTi qromosoma dediseulia, meore − mamiseuli. meiozis dros polusebze maTi SemTxve
viTi gadanawilebis Sedegad ujredSi warmoiqmneba 2n raodenobis axali Tanwyoba. drozofilas aqvs 
4 wyvili qromosoma, kombinaciaTa raodenoba tolia 24=16, adamianSi 223=8388608; qromosomaTa Sem-
TxveviTi gadanawileba polusebze safuZvlad udevs mendelizms.

3.krosingoveris dros aseve xdeba genetikuri masalis rekombinacia. misi meSveobiT xorciel-
deba erT qromosomaSi ganlagebuli genebis gadanawileba da axali kombinaciebis Camoyalibeba.

6.5. ganayofiereba cxovelebSi

sqesobrivi gamravlebisas axal organizms dasabams aZlevs mamrobiTi da mdedrobiTi gametebis 
Serwymis anu ganayofierebis Sedegad warmoqmnili ujredi, romelsac zigota ewodeba. ganayofie-
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rebiT aRdgeba qromosomaTa diploiduri kompleqti, romelic somaturi da moumwifebeli sasqe-
so ujredebisaTvisaa damaxasiaTebeli. cxovelebis ganayofierebas win uZRvis daTeslva. rodesac 
daTeslva (spermatozoidis kontaqti kvercxujredTan da misi SeRweva kvercxujredSi) organizmis 
gareT mimdinareobs, mas garegan ganayofierebas uwodeben. igi axasiaTebs wylis cxovelTa umete-
sobas (magaliTad, nawlavRruianebi, Tevzebi, amfibiebi da sxv.). rodesac daTeslva mdedris sasqeso 
gzebSi xdeba, mas Sinagani ganayofiereba ewodeba. igi ZiriTadad xmeleTis formebs (mwerebi, qve-
warmavlebi, frinvelebi, ZuZumwovrebi da sxv.) axasiaTebT. ganayofierebis procesSi xorcieldeba 
kvercxujredis gaaqtiureba da calsqesian cxovelebSi sqesis gansazRvra. 

gametebis Sexvedras xels uwyobs kvercxujredis mier garemoSi gamoyofili qimiuri nivTiere-
bebi – gamonebi. isini aaqtiureben spermatozoidebs. zogierTi cxovelis kvercxujreds aqvs mcire 
zomis xvreli – mikropile, romlis gziTac spermatozoidi aRwevs kvercxujredSi. mravali saxeobis 
cxovelis kvercxujreds mikropile ar gaaCnia. kvercxujredSi spermatozoidis SeRweva akrosomaSi 
arsebuli fermentebiT xorcieldeba. fermentebi Slian kvercxujredis garss da kvercxujredSi 
spermatozoidi Sedis (metwilad Tavi da Sua nawili). spermatozoidis SeRwevis Semdeg kvercxujre-
dis zedapirze warmoiqmneba garsi, romelic xels uSlis sxva spermatozoidebis SeRwevas mravali 
organizmis kvercxujredSi mxolod erTi spermatozoidi aRwevs: (monospermia), magram zogjer aRi-
niSneba polispermiac (mravali spermatozoidis SeRweva). polispermia axasiaTebs zogierT mwers, 
Tevzebs, frinvelebs da sxv. ganayofierebis procesSi mainc erTi spermatozoidi monawileobs, da-
narCeni iRupeba. kvercxujredSi mamrobiTi da mdedrobiTi birTvebi anu pronukleusebi erTmaneTs 
erwymis, ris Sedegadac qromosomaTa raodenoba kvlav diploiduri xdeba, aRdgeba homologiuri 
wyvilebi, romelTagan erTi qromosoma dediseulia, xolo meore mamiseuli. 

gametebis SemTxveviTi Serwymis Sedegad miiReba genTa axali kombinaciebis mqone zigotebi. 
populaciaSi iqmneba individTa genetikuri nairgvaroba anu heterogenuloba, rac mdidari masalaa 
bunebrivi gadarCevisaTvis. 

6.6. sasqeso ujredebis Camoyalibeba da ormagi ganayofiereba 
yvavilovan mcenareebSi

yvavilovani (farulTeslovani) mcenareebi gamoirCeva sasqeso ujredebis ganviTarebisa da ga-
nayofierebis TaviseburebebiT. am mcenareebSi ganayofierebis process win uswrebs Zalze reduci-
rebuli haploiduri Taobis – gametofitebis warmoqmna.

farulTeslovanebis mdedrobiTi organoa butko, romelic dingis, svetisa da naskvisagan 
Sedgeba. naskvi butkos qveda gafarTovebuli nawilia, romelSic moTavsebulia erTi an ramdenime 
Teslkvirti (sur. 6.9.). ganayofierebis Semdeg Teslkvirtidan Tesli viTardeba, naskvidan ki – na-
yofi.

Teslkvirtis centraluri nawilia nucelusi (laT. nucella – patara kakali). nucelusSi dife-

sur. 6.9 ormagi ganayofierebis sqema
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rencirdeba megasporofiti, romlis birTvis gayofis Sedegad oTxi haploiduri megaspora war-
moiqmneba. maTgan sami iRupeba, erTidan ki mdedrobiTi gametofiti anu Canasaxis parki viTardeba. 
Canasaxis parkis birTvis pirveli mitozuri gayofis Semdeg warmoqmnili ori Svileuli birTvi mie-
marTeba erTmaneTis mopirdapire – qalazuri da mikropiluri polusebisaken. aq isini kidev orjer 
iyofa da orive polusTan oTx-oTxi birTvi aRmoCndeba. maTgan sam-sami calkeul ujredebad yalib-
deba, darCenili TiTo-TiTo birTvi Canasaxis parkis centrisaken gadaadgildeba, erTmaneTs erwymis 
da yalibdeba diploiduri birTvi. mikropilur polusTan arsebuli sami ujredidan ors sinergi-
debi ewodeba, erTi ki kvercxujredia. amrigad, momwifebuli Canasaxis parki Svid ujreds Seicavs 
(sur. 6.9).

farulTeslovnebis mamrobiTi gametofitia mtvris marcvali. is mamrobiT organoSi mtvria-
naSi viTardeba. mtvriana Sedgeba mtvrianas Zafisa da samtvre parkisagan. mtvris marcvali dafaru-
lia ori garsiT. gareTa garss ewodeba egzina, SigniTas _ intina. egzinas aqvs gaTxelebuli ubnebi, 
e. w. aperturebi, saidanac mtvris mili advilad gamoizrdeba. mtvris marcvalSi ori – vegetatiuri 
da generaciuli ujredia.

mtvris marcvli, butkos dingze moxvedris anu damtvervis Semdeg, iwyebs butkoSi Cazrdas, 
rac marcvlis gajirjvebasa da vegetatiuri ujredidan mtvris milis warmoqmnaSi gamoixateba (sur. 
6.9). mtvris milis wverodan gamoyofili nivTiereba butkos dingisa da svetis darbilebas iwvevs. 
samtvre milis zrdasTan erTad masSi gadadis vegetatiuri da generaciuli birTvebi. es ukanaskne-
li iyofa da ori spermia warmoiqmneba. Canasaxis parkSi SeRwevis Semdeg mtvris mili irRveva, erTi 
spermia kvercxujreds Seerwymis da warmoiqmneba diploiduri zigota, romelic Canasaxs aZlevs da-
sabams. meore spermia centralur diploidur birTvs erwymis, warmoiqmneba triploiduri birTvi, 
romlisganac endospermi viTardeba. amrigad, yvavilovan mcenareebSi adgili aqvs ormag ganayofie-
rebas da ganayofierebis Sedegad warmoqmnil TeslSi Canasaxi diploiduria, endospermi ki – tri-
ploiduri.

6.7. sqesobrivi gamravlebis araregularuli tipebi 

organuli samyaros progresul ganviTarebaSi sqesobrivi gamravleba arsebiT rols asrulebs. 
calkeul SemTxvevaSi kerZo evoluciuri Seguebebis saxiT Camoyalibda sqesobrivi gamravlebis nai-
rgvari mdgradi darRveva, kerZod: parTenogenezi, ginogenezi da androgenezi. niSandoblivia maTi 
meoradi buneba. TiToeuli maTgani adre arsebuli sqesobrivi gamravlebis safuZvelzea warmoSobi-
li (sur. 6.10). 

parTenogenezi. gaunayofierebeli kvercxujredidan Canasaxis ganviTarebas parTenogenezi 
ewodeba. es aris sqesobrivi gamravleba ganayofierebis gareSe. parTenogenezi gvxvdeba rogorc 

cxovelebSi, ise mcenareebSi. mcenareebSi gamravle-
bis am formis aRsaniSnavad termini ,,apomiqsisi” 
gamoiyeneba. parTenogenezi aRwerilia uxerxemlo 
cxovelTa yvela tipSi, aseve xerxemlian cxoveleb-
Si (gamonaklisia ZuZumwovrebi). parTenogenezis 
SemTxvevaSi usqeso gamravlebis msgavsad axal orga-
nizms dasabams erTi individi aZlevs. igi sqesobrivi 
gamravlebaa, vinaidan organizmi viTardeba sasqeso 
ujredebidan – saxeldobr, kvercxujredidan, xolo 
usqeso gamravlebis dros STamomavloba somaturi 
ujredebidan warmoiqmneba. 

parTenogenezi SeiZleba iyos fakultatu-
ri da obligaturi. fakultaturi parTenogenezi 
gvxvdeba futkrebSi, WianWvelebSi, mxedrebSi da sxv. 
am SemTxvevaSi individebi mravldeba rogorc par-
TenogeneziT, ise ganayofierebiT. mdedri individi 
ori saxis kvercxs debs: ganayofierebuls (viTarde-
bian mdedrebi) da gaunayofierebels (viTardebian 
mamrebi). am cxovelebSi parTenogenezi evoluciis 
procesSi Camoyalibebuli adaptaciaa. misi meSveo-
biT xorcieldeba sqesis regulacia. 

obligaturi anu cikluri parTenogenezi 
gvxvdeba dafniebSi, bugrebSi, cibrutelebSi da sxv. 
maTSi parTenogenezuli da ganayofierebiT warmoqm-

sur. 6.10. sqesobrivi gamravlebis tipebi.
1 – normaluri ganayofiereba, 2 – parTenogenezi,  
3 – ginogenezi, 4 - androgenezi
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nili Taobebi morigeobs. optimalur pirobebSi – (Cveulebriv zafxulSi) parTenogenezuli mdedre-
bis ramdenime Taoba Cndeba. araxelsayrel pirobebSi (sakvebis nakleboba, dabali temperatura da a. 
S.) mdedrebi haploidur kvercxebs deben, saidanac mamrebi iCekebian. sqesobrivi procesis Sedegad 
mdedrebi ganayofierebul diploidur kvercxebs deben, saidanac mdedrebi viTardebian. aRwerilia 
populaciebi (kavkasiuri kldis xvliki da sxv.), romlebSic parTenogenezi gamravlebis ZiriTadi 
formaa. isini mxolod mdedri individebisagan Sedgebian. evoluciis procesSi cikluri anu obliga-
turi parTenogenezi Camoyalibda rogorc mniSvnelovani adaptacia. igi gvxvdeba iseT cxovelebSi, 
romlebic masiurad iRupebian (magaliTad, bugrebi, dafniebi da sxv.) anda rodesac gansxvavebuli 
sqesis individebis Sexvedra gaZnelebulia (magaliTad, kavkasiuri kldis xvliki). am gziT popula-
ciaSi individTa ricxovnobis SenarCuneba xdeba. igi saxeobis arsebobas ganapirobebs. 

obligaturi parTenogenezi gvxvdeba mcenareTa samefoSic. igi aRwerilia babuawveraSi, xar-
nuyaSi, TambaqoSi da sxv. 

ginogenezi. parTenogenezis analogiuria ginogenezuri gamravleba. parTenogenezisagan 
gansxvavebiT ginogenezis dros gamravlebaSi spermatozoidebi monawileobs. SeiniSneba cruganayo-
fiereba (fsevdogamia). kvercxujredSi xdeba spermatozoidebis SeRweva, magram ar xdeba mdedro-
biTi mdedrobiTi da mamrobiTi pronukleusis Serwyma. mamrobiTi pronukleusi mastimulirebel 
gavlenas axdens kvercxujredze da iRupeba, Canasaxis formireba xdeba mxolod mdedrobiTi pro-
nukleusis xarjze. ginogenezi iSviaTad gvxvdeba rogorc cxovelTa, ise mcenareTa samyaroSi. igi 
aRwerilia zogierT hermafroditul mrgval WiaSi, TevzebSi (magaliTad, vercxlisferi karCxana), 
mcenareebidan baiaSi (Ranunculus auricomus), mdelos TivaqasraSi (Poa pratensis) da sxv. 

androgenezi. igi ginigenezuri gamravlebis sapirispiro movlenaa. androgenezis dros Cana-
saxi viTardeba mamrobiTi pronukleusis da kvercxujredis citoplazmis xarjze. androgenezuri 
gamravleba mimdinareobs im SemTxvevaSi, rodesac kvercxujredis birTvi ama Tu im mizeziT iRupe-
ba. rodesac kvercxujredSi erTi spermatozoidi SeaRwevs (monospermia), maSin Canasaxs haploidu-
ri qromosomuli kompleqti aqvs. aseTi Canasaxi nakleb sicocxlisunariania da metwilad iRupeba. 
Canasaxi normalurad viTardeba maSin, rodesac mas qromosomaTa diploiduri kompleqti aqvs. di-
ploiduri Canasaxi polispermiis SemTxvevaSi yalibdeba. kvercxujredSi ramdenime spermatozoidis 
SeRwevisas organizmi viTardeba ori mamrobiTi pronukleusis xarjze. zrdasruli androgenezuri 
individebis ganviTareba aRwerilia TuTis abreSumxveviasa (Bombix mori) da parazitul krazanaSi 
(Habrabacon juglands). aseve iSviaTia androgenezuri gamravleba mcenareebSi. igi aRwerilia simindsa 
da TambaqoSi. cxovelebsa da mcenareebSi SesaZlebelia parTenogenezis, ginogenezisa da androgene-
zis xelovnurad gamowvevac. 

6.8. ontogenezi

ontogenezi (berZn. ontos – arseba + genos – warmoSoba, dabadeba) anu organizmis individualu-
ri ganviTareba warmoadgens organizmis Casaxvidan misi sicocxlis bolomde mimdinare morfolo-
giur, fiziologiur da bioqimiur gardaqmnaTa erTobliobas. termini “ontogenezi” SemoiRo 1866 
wels germanelma bunebismetyvelma da filosofosma ernst hekelma (1834-1919).

mravalujredian organizmebSi, romlebsac sqesobrivi gamravleba axasiaTebT, axali indivi-
dis ganviTarebis dasawyisad ganayofierebuli kvercxujredis – zigotis warmoqmna iTvleba. im or-
ganizmebSi ki, romlebic uaqesod mravldeba, individualuri ganviTarebis dasawyisad dediseuli 
ujredis gayofis, anda dediseuli organizmidan gamocalkevebis momenti iTvleba.

ontogenezis procesSi yoveli organizmi gadis ganviTarebis Tanamimdevrul periodebs, eta-
pebs, stadiebsa da fazebs. im mravalujrediani cxovelebis ontogenezi, romlebsac sqesobrivi 
gamravleba axasiaTebT, or ZiriTad _ embrionul da postembrionul periodebad iyofa. embrio-
nuli periodi moicavs drois Sualeds zigotis warmoqmnidan organizmis dabadebamde, an kvercxis 
garsebidan gamosvlamde. postembrionuli periodi ki _ organizmis dabadebidan, an kvercxis garse-
bidan gamosvlidan sikvdilamde.

6.8.1. embrionuli ganviTarebis ZiriTadi etapebi cxovelebSi
embrionuli ganviTarebis periodSi gamoyofen sam ZiriTad etaps: danawevrebas, gastrula-

cias da pirvelad organogenezs. 
danawevreba moicavs zigotis swraf mitozur gayofaTa cikls, romlis Sedegad xdeba erTSria-

ni Canasaxis – blastulis (Canasaxovani buStukis) warmoqmna (sur. 6.11). am etapze Canasaxi masisa 
da moculobis mixedviT zigotisagan TiTqmis ar gansxvavdeba. kvercxi sul ufo da ufro wvril 
ujredebad – blastomerebad iyofa. yoveli gayofis Semdeg warmoqmnili axali ujredebis birTvi 
normaluri zomisa rCeba, xolo citoplazmis moculoba progresulad mcirdeba. danawevrebis da-
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sawyisSi ganviTarebul mrava-
lujredian Canasaxs morula 
(laT. morula – TuTa) ewodeba. 
is sferos formis struqtu-
raa da TuTis nayofs waagavs. 
Semdgom Canasaxs uviTardeba 
siRrue – blastoceli. Cana-
saxs blastula am periodidan 
ewodeba.

danawevrebis tipi kver-
cxSi yviTris raodenobasa da 
lokalizaciazea damokide-
buli. Tu kvercxSi (zigotaSi) 
yviTri mcire raodenobiTaa, 
maSin adgili aqvs mTeli kver-
cxis danawevrebas da erTnai-
ri blastomerebis warmoqmnas. 
mas sruli Tanabari danawe-
vreba ewodeba. sruli Tana-
bari danawevrebis Sedegad 

warmoiqmneba sferos formis Canasaxi, romlis kedeli erTmaneTTan mWidrod mijrili TiTqmis erTi 
zomis ujredebis erTi Srisagan Sedgeba. danawevrebis aseTi tipi kaneklianebis, mrgvali Wiebisa da 
ZuZumwovrebisTvisaa damaxasiaTebeli.

Tu kvercxSi yviTri uTanabrodaa 
ganawilebuli, maSin xdeba sruli uTa-
nabro danawevreba – is blastomerebi, 
romlebSic yviTria, sxvebTan SedarebiT 
ufro didi zomisaa. am SemTxvevaSi war-
moqmnili blastulis erT e. w. animalur 
polusze ufro wvrili ujredebia, meo-
re e. w. vegetatiur polusze ki msxvili. 
amis gamo blastoceli eqscentruladaa 
lokalizebuli. danawevrebis aseTi tipi 
amfibiebs axasiaTebs.

arasruli danawevrebis SemTxvevaSi 
kvercxSi yviTris didi raodenobis gamo danawevrebas misi mxolod is nawili ganicdis, sadac zigo-
tis birTvia lokalizebuli. aseTi tipis, e. w. arasruli diskoiduri danawevreba damaxasiaTebelia 
qvewarmavlebisa da frinvelebisaTvis (sur. 6.12).

embrionuli periodis 
momdevno etapia gastrulacia 
(sur. 6.11). am etapze ujredebi 
praqtikulad ar iyofa da arc 
izrdeba. gastrulaciis etapze 
mimdinareobs ujredebis inva-
ginireba da viTardeba Canasa-
xovani furclebi. Canasaxs ga-
strula (laT. gastrula – kuWi) 
ewodeba. is orSriani tomsikia, 
romlis siRrue – gastroceli 
(pirveladi nawlavis Rru) ga-
remosTan xvreliT – blasto-
poriT (pirveladi piriT) aris 
dakavSirebuli. ontogenezis 
procesSi gastrulis gareTa 
Sris ujredebisagan eqtoder-
ma, Siga Sris ujredebisgan ki 
– entoderma viTardeba. ganvi-
Tarebis Semdgom etapze eqto-
dermasa da entodermas Soris 

sur. 6.11. lancetas Canasaxis ganviTarebis pirveli stadiebi 

sur. 6.12. qaTmis embrionis nawilobrivi danawevreba.

sur. 6.13. mezodermisa da nervuli milis Camoyalibeba lancetaSi.
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mesame Canasaxovani furceli – mezoderma warmoiqmneba.
gastrulaciis Semdeg iwyeba pirveladi organogenezi anu RerZuli organoebis warmoqmna (sur. 

6.13). sxvadasxva jgufis cxovelebSi es etapi gansxvavebulad mimdinareobs. qordianebSi pirveladi 
organogenezis procesSi metad mniSvnelovania nervuli lulis, qordisa da nawlavis Camoyalibeba. 
nervuli lulis Camoyalibebis process neiru-
lacia, xolo Canasaxs neirula ewodeba. neiru-
laciis procesSi eqtodermidan jer nervuli 
firfita warmoiqmneba, romelic Canasaxs zur-
gis mxares mTels sigrZeze gasdevs. Semdgom 
nervuli firfitis Cazneqis Sedegad nervyli 
Rari, bolos ki nervuli mili viTardeba. gan-
viTarebis momdevno etapze nervuli milis wina 
nawili farTovdeba da Tavis tvini viTardeba. 
nervuli sistemis garda eqtodermidan sxeu-
lis garegani safarvelic viTardeba.

Canasaxis zurgis mxares nervul milTan 
mimdebare, entodermiT SemosazRvrul ubnidan 
ori jibakis saxiT xdeba mezodermis Camoyali-
beba. mezodermis Rru SemdgomSi sxeulis Rrud 
yalibdeba. nervuli milis qveS mezodermidan qorda viTardeba. mezodermidan yalibdeba Zval-kun-
Tovani, sisxlZarRvovani, gamomyofi sistemebi da sasqeso organoebi.

pirveladi nawlavs dasawyisSi milis forma aqvs, misi wina da ukana nawilSi warmoiqmneba pirisa 
da analuri xvrelebi. nawlavis kedlidan viTardeba saWmlis momnelebeli organoebi. nawlavis wina 
gamonazardidan viTardeba respiratoruli sistemac.

Canasaxis ganviTarebisaTvis didi mniSvneloba aqvs pirvelad embrionul induqcias. embrio-
nuli induqcia aris embrionis nawilTa urTierTmoqmedeba, romlis drosac erTi maTganis ujre-
debi gansazRvravs meoris Semdgomi ganviTarebis mimarTulebas. es movlena 1924 wels eqsperimen-
tulad daadastures germanelma mecnierebma h. Spemanma da h. mangoldma. maT amfibiis gastrulis 
blastoporis bagis dorsaluri ubnidan (normaluri ganviTarebisas am ubnis ujredebi qordasa 
da mezodermas warmoqmnian) amokveTili nawili gadanerges meore gastrulis ventralur ubanSi. 
gadanergvis Semdeg transplantantis qsovilidan meore qorda da mezoderma ganviTarda. amasTana-
ve recipientis eqtodermidan damatebiTi nervuli milic ganviTarda, anu erTsa da imave CanasaxSi 
warmoiqmna RerZuli organoebis ori kompleqsi (sur. 6.14). Canasaxis im nawilis ujredebs, romlebic 
moqmedebs meoris ganviTarebaze induqtori (Spemanis mixedviT ki _ organizatori) ewodeba, xolo 
im nawils, romelic induqtoris gavlenas ganicdis – moreagire anu reaqtori.

6.8.2. postembrionuli ganviTareba cxovelebSi
postembrionuli ganviTareba iwyeba organizmis kvercxis garsebidan gamosvlis, cocxladmSo-

biare cxovelebSi ki dabadebis momentidan da organizmis sikvdilamde grZeldeba.
ganasxvaveben postembrionuli ganviTarebis or ZiriTad tips pirdapir da arapirdapir anu 

metamorfoziT (berZn. metamorphosis – gardaqmna) ganviTarebas.
pirdapiri ganviTarebisas kvercxis garsebidan gamosuli an dabadebuli norCi organizmi age-

bulebiT da cxovrebis niriT zrdasruli individisagan TiTqmis ar gansxvavdeba, magram mas zomebiT 
CamorCeba da sqesobrivad moumwifebelia. magaliTad, pirdapiri postembrionuli ganviTareba da-
maxasiaTebelia qvewarmavlebis, frinvelebisa da ZuZumwovrebisaTvis.

arapirdapiri, anu gardaqmniT (metamorfoziT) ganviTarebisas kvercxidan gamodis larva, 
romelic garegani da Sinagani agebulebis bevri niSniT, kvebis xasiaTiT, moZraobiT, saarsebo ga-
remoTi da rigi sxva TaviseburebiT gansxvavdeba zrdasruli organizmisagan. sxvadasxva saxeobis 
organizmebis larvebs, zogierTi gamonaklisis garda, sasqeso sistema ara aqvT ganviTarebuli. me-
tamorfoziT ganviTareba axasiaTebs rgolovan Wiebs, moluskebs, kaneklianebs, mwerebs, zogierT 
Tevzs, amfibiebs.

xSir SemTxvevaSi zogi saxeobis organizmis larvas damoukidebeli saxelwodebac ki aqvs. ma-
galiTad: kudiani amfibiis amblistomis larvas aqsolotli ewodeba, ukudo amfibiebis larvas – 
Tavkombala, orsagduliani moluskebis larvas – gloqidi, peplebis larvas – muxluxi, Tasma Wiebis 
larvas – onkosfera.

mwerebSi postembrionuli ganviTarebis stadiebis ricxvis mixedviT ganarCeven metamorfozis 
or ZiriTad tips – arasrul da srul gardaqmnas.

arasruli metamorfozi damaxasiaTebelia mwerebis SedarebiT primitiuli formebisaTvis. 
aseTebs miekuTvneba, magaliTad: WriWinebi, bugrebi, taraknebi, sworfrTianebi. arasruli metamor-
fozi sam stadias moicavs. esenia: kvercxi, larva da zrdasruli individi, anu imago (laT. imago – 
xati). larva zrdasruli individisagan garegnulad TiTqmis ar gansxvavdeba. is ramdenjerme icvlis 
sxeulis mfaravi epiTeliumis zedapirze arsebul mkvriv warmonaqmns - kutikulas (laT. cuticula – 

sur. 6.14. embrionuli induqciis amsaxveli sqema
A – eqsperimentis sqema, B – Canasaxis ganivi Wrili, 
1 _ pirveladi Canasaxi, 2 – inducirebuli Canasaxi. 
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tyavi) anu sxeulis safarvels. am dros larva izdeba da sabolood zrdasruli individi yalibdeba.
evoluciis mogviano stadiebze warmoqmnil mwerebs, magaliTad, peplebs axasiaTebT sruli me-

tamorfoziT ganviTareba, romelic ZiriTadad oTxi stadiisagan Sedgeba. esenia: kvercxis, muxlu-
xis, Wupris da imagos stadiebi (sur. 6.15). muxluxi da Wupri larvuli stadiebia.peplebis kvercxi-
dan gamosuli muxluxi agebulebiT, kvebis TaviseburebiT da cxovrebis niriT mkveTrad gansxvavdeba 
zrdasruli individebisagan. muxluxebi ZiriTadad mcenareTa foTlebiT ikvebeba, maTi piris apara-
ti mRrRneli tipisaa. muxluxebis sxeulis segmentebi erTgvarovania da ar aris mkveTrad diferen-
cirebuli Tavis, mkerdis da muclis ganyofilebebad. zrdasrul peplebs ki mwuwnavi piris aparati 
aqvT da neqtariT ikvebebian. larvebi da imago sxvadasxva ekologiur niSs ikaveben, rac maT Soris 
konkurencias sagrZnoblad amcirebs.

muxluxebi intensiurad ikvebebian, ramdenjerme icvlian kutikulas da zomaSi matuloben. 
kutikulis cvlisa da zrdis dasrulebis Semdeg muxluri Wuprad gardaiqmneba. peplebis (magali-
Tad, TuTis abreSumxvevias) muxluxebs aqvT specialuri jirkvali, romlis sadinaridan gamoyofili 
Txieri nivTiereba haerze Sreba da mtkice Zafi warmoiqmneba. muxluxi daWuprebisas am Zafs sxeulis 
irgvliv ixvevs da sabolood yalibdeba parki, romelSic Wupria moTavsebuli. Wupri umoZraoa da 
arc ikvebeba. am stadiaze larvis anatomiuri struqtura irRveva da miRebuli masala zrdasruli 
individis Canoyalibebas xmardeba, imago parkidan gamodis da damoukidebel arsebobas iwyebs.

xerxemlian cxovelebSi metamorfoziT ganviTareba amfibiebs axasiaTebs (sur. 3.12). magali-
Tad, tbis bayayis ganayofierebuli qviriTidan viTardeba larva, romelsac Tavkombala ewodeba. 

dasawyisSi Tavkombalas orsakniani guli, sisxlis mi-
moqcevis erTi wre, garegani layuCebi, grZeli kudi, 
gverdiTi xazis organoebi da TevzebisaTvis damaxa-
siaTebeli sxva niSan-Tvisebebi aqvs. 

ganviTarebis sami-oTxi Tvis Semdeg Tavkom-
balas guli samsakniani uxdeba, Cndeba sisxlis mi-
moqcevis kidev erTi wre, yalibdeba filtvebi, xuT-
TiTiani kidurebi. sabolood Tavkombala mTlianad 
emsgavseba bayays.

organizmebis embrionuli da postembrionu-
li ganviTareba mravali faqtoriT regulirdeba. am 
faqtorebis ganxilva Cvens amocanas ar warmoadgens. 
magaliTisaTvis aRvniSnavT mxolod, rom peplebis 
metamorfoziT ganviTarebaSi mniSvnelovan rols 
hormonebi TamaSobs. 

metamorfozuli ganviTareba iseTi adapta-
ciaa  romelic erT saxeobas sxvebTan SedarebiT mni-
Svnelovan upiratesobas aniWebs. kerZod, 1. rode-
sac erTi da imave saxeobis larvebi da zrdasrulebi 
gansxvavebul garemoSi binadrobaen da sxvadasxva 
sarCoTi ikvebebian (mag. bayayi, pepela), isini erTma-
neTs konkurencias ar uweven. 2. mjdomare da nakleb 
moZrav formebSi (mag.: ukbilo, bonelia, Roris so-
literi...) larvuli stadia mniSvnelovan rols asru-
lebs saxeobis gansaxleba _ gavrcelebaSi.

6.9. organizmis sasicocxlo cikli

sasicocxlo cikli aris ganviTarebis faza-
Ta erToblioba, romelsac konkretuli saxeobis 
individebi erTi Taobis zigotidan momdevno Ta-

kvercxebi muxluxebi parkebi parki da Wupri imago

sur. 6.15. TuTis abreSumxvevias ganviTarebis stadiebi

sur. 6.16. adamianis sasicocxlo cikli. 
1 _ sakvercxe, 1a _ saTesle, 
2 _ haploiduri kvercxujredi (n = 23), 2a _ hap-
loiduri spermatozoidi (n = 23), 
3 _ zrdasruli diploiduri indnvndebi (n = 46)
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obis zigotamde gadian. yoveli individi gaivlis ganviTarebis garkveul fazebs, romelTa Semdeg 
aRwevs zrdasrul formas. am dros mas axali Taobis warmoqmnis unari uCndeba. sasicocxlo ciklis 
mixedviT sxvadasxva taqsonomuri jgufis organizmebi erTimeorisagan gansxvavdebian. eukariote-
bis tipiuri sasicocxlo cikli Sedgeba: 1)ganayofierebisagan (mimdinareobs plazmogamia − sasqeso 
ujredebis anu gametebis Serwyma, rasac mosdevs birTvebis Serwyma − kariogamia, 2)ujredebis mi-
tozuri gamravlebisagan 3)meiozisagan (xdeba qromosomaTa reduqcia da rekombinacia) (sur. 6.16).

sqesobrivi gziT gamravlebis unaris mqone organizmebis sasicocxlo ciklSi erTmaneTs 
enacvleba haploiduri da diploiduri fazebi. mravalujredian cxovelebSi diplofaza metad xan-
grZlivia, haplofaza ki − xanmokle (warmodgenilia spermatozoidiTa da kvercxujrediT). diplofa-
zis ganviTareba SeiZleba iyos martivi an rTuli (metamorfoziani). metamorfozuli ganviTarebisas 
individi gaivlis nairgvar stadiebs (mag. peplebi − kvercxis, larvis, Wupris, imagos stadiebs). yvavi-
lovan mcenareebSi aseve Zalze reducirebulia haplofazis (gametofitis) xangrZlivoba. diplofazas 
(sporofits) ki mTeli mcenare warmoadgens. sasicocxlo cikli rTulia im organizmebSi, sadac sqesia-
ni Taoba usqeso Taobas enacvleba. am SemTxvevaSi aRiniSneba TaobaTa morigeoba. zogierT saxeobaSi 
usqeso da sqesiani Taoba or damoukidebel organizmad viTardeba. isini morfologiurad mkveTrad 
gansxvavdebian erTmaneTisagan (mag. brtyeli Wiebi), aseve gvimranairebSi usqeso da sqesiani Taoba 
(sporofiti da gametofiti) or damoukidebel, morfologiurad gansxvavebul, mcenared viTardeba. 

zrda
ontogenezis procesSi adgili aqvs individis zrdas. es ori gziT xdeba: ujredebis raodeno-

bis da ujredebis moculobis matebiT. mravalujrediani organizmebis zrdis dros es ori procesi 
SeiZleba yovelTvis sinqronulad ar mimdinareobdes. am or process Soris gamoxatuli korelacia 
ar arsebobs. magaliTad, danawevrebisas mravali blastomeri warmoiqmneba da citoplazmis masis 
mateba Zalze sustad aris gamoxatuli. zogierT SemTxvevaSi zrda ujredebis citoplazmis masis 
gazrdis xarjze mimdinareobs, ujredebis raodenoba ki ucvleli rCeba.

zrda SeiZleba iyos SezRuduli (gansazRvruli) da SeuzRudavi (ganusazRvreli). SezRuduli 
zrda mimdinareobs, magaliTad, mwerebSi, frinvelebsa da ZuZumwovrebSi. SeuzRudavi zrda axasia-
Tebs Tevzebs, reptiliebsa da uxerxemloTa mraval saxeobas. SeuzRudavia merqniani mcenareebis 
umravlesobis, sokoebisa da wyalmcenareebis zrdac.

zrda SeiZleba iyos izometruli da alometruli. izometruli zrdis dros individis rome-
lime organos zrdis saSualo siCqare iseTivea, rogoric sxeulis sxva nawilebisa. aseTi zrdis dros 
organizmisa da organoTa zomebis saerTo Tanafardoba TiTqmis ar icvleba. alometruli zrdis 
dros romelime organo sxeulis danarCeni nawilebisagan zrdisagan gansxvavebuli siCqariT izrde-
ba. am dros organizmis proporciebi icvleba.

regeneracia
zrdasruli organizmis zogierTi ujredi zrdisa da gamravlebis unars inarCunebs. amitom 

organizms aqvs daberebis, avadmyofobis, ubeduri SemTxvevebis Semdeg ujredebisa da qsovilebis 
aRdgenis unari. xdeba ujredTa gayofisa da diferencirebis stimulireba, ris Sedegadac xdeba 
Wrilobebis sRdgena. ZuZumwovrebSi xdeba mravali qsovilis ganaxleba. magaliTad, kanis, nawlavis 
epiTeliumisa da sisxlis axali ujredebis warmoqmna, rac mTeli sicocxlis manZilze mimdinareobs. 
normalur pirobebSi zrdasruli organizmis zogierT organoSi (RviZlSi, farisebr jirkvalSi, pan-
kreasSi) ujredebia gayofa ar xdeba, magram Tu raime mizeziT moxda maTi ujredebis dazianeba, maSin 
darCenili ujredebis gayofis xarjze organoebi bunebriv zomebs aRidgens. am process aRdgeniTi 
zrda (regeneracia) ewodeba, anu regeneracia aris organizmis mier dakarguli an dazianebuli orga-
nosa da qsovilis aRdgenis unari. regeneraciis unari gaaCnia rogorc mcenareebs, aseve cxovelebs. 

ganasxvaveben regeneraciis or saxes: fiziologiursa da reparaciuls. 
fiziologiuri regeneracia aucilebelia organizmis homeostazis SesanarCuneblad. is gan-

sakuTrebiT intensiurad da swrafad mimdinareobs Tbilsisxlian cxovelebSi. magaliTad, wvrili 
nawlavis epiTeluri ujredebis mTlianad ganaxleba 2 dRis ganmavlobaSi xdeba. adamianis organizm-
Si yovel wamSi 4 milioni eriTrociti kvdeba da Zvlis tvinSi amdenive axlad warmoiqmneba.

organizmis mier organoTa iZulebiTi dakargvis SemTxvevaSi mimdinare aRdgeniTi procesebi 
reparaciul regeneracias miekuTvneba. is SeiZleba iyos tipuri, rodesac aRdgeba dakargulis ms-
gavsi organo, da atipuri, rodesac aRdgenili organo ar hgavs dakarguls.

zogierTi mkvlevari gamoyofs regeneraciis mesame saxesac, e. w. reparaciul embriogenezs. am 
SemTxvevaSi axali organizmi warmoiqmneba somaturi ujredebidan an maTi kompleqtidan. magaliTad, 
Tu rgolovani Wiis sxeuls ramdenime nawilad davyofT, yoveli nawili aRidgens dakargul organo-
ebs da damoukidebel individad Camoyalibdeba. 

zog SemTxvevaSi adgili aqvs paTologiur regeneracias. am dros dazianebuli an dakarguli 
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qsovilis adgils SemaerTebeli qsovili ikavebs.
regeneraciuli procesebi mWidro kavSirSia organoTa transplantaciasa da imunur proce-

sebTan. regeneraciis Seswavlis saqmeSi didi miRwevebis miuxedavad, mravali sakiTxi dRemde gadau-
Wrelia.

dabereba da sikvdili
dabadebisTabnave yoveli cocxali individi uaxlovdeba sikvdils. amitomac arsebobs ga-

moTqma “sicocxlis mizani sikvdiliao”. yovel adamians gacnobierebuli aqvs, rom dadgeba misi gar-
dacvalebis dro. amasTanave yvelas eSinia sikvdilis. ufro metic bevr pirovnebas micvalebulic 
ki aSinebs. bevrs miaCnia, rom sikvdilis cxovelebsac eSiniaT da amis dasamtkiceblad magaliTebsac 
iSvelieben. magaliTad, Tu uremSi Sebmul cxens mkvdar cxens daudeben wasaRebad, maSin is iwyebs 
nerviul Wixvins, kidurebis qnevas. sasaklaoze miyvanili saqoneli momakvdavi xarebis xmis gago-
nebisas da sisxlis sunis SegrZnebisas iwyeben aforiaqebas, uCndebaT panikuri SiSi, cremlis dena. 
mkiTxvelisTvis migvindia imis gansazRvra, Tu ramdenad validuria moyvanili magaliTebi.

sikvdili aris individualuri ganviTarebis damamTavrebeli etapi. am dros organizmSi mT-
lianad irRveva nivTierebaTa cvlis procesebi. maRalganviTarebul cxovelebSi da adamianSi gana-
reCeven bunebriv (fiziologiur) sikvdils, romelic daberebiTaa gamowveuli, da adreul – paTo-
logiur sikvdils, romelic sasicocxlod mniSvnelovani romelime organos dazianebiT an ubeduri 
SemTxveviT aris gamowveuli.

dedamiwaze arsebuli yoveli saxeobis individebs sicocxlis saSualo xangrZlivoba axasia-
Tebs (cxr. 6.2). bevri saxeobis cxovelebis sikvdili daprogramirebulia – isini maSinve kvdebian, 
rogorc ki gamravlebis erT cikls ganaxorcieleben: mamrebi kopulaciis, mdedrebi ki – kvercxis 
dadebis an axali Taobis warmoqmnis Semdeg. mravaljer gamravlebis unarian cxovelebSi da adamian-
Si bunebriv sikvdils win dabereba uswrebs. 

dabereba aris individualuri ganviTarebis stadia, romlis drosac icvleba organizmis fi-
zikuri mdgomareoba, garegnoba da emociuri sfero. dabereba ufro TvalsaCinoa ontogenezis po-
streproduqciul periodSi. Tumca mravali niSani, romelic daberebis maxasiaTeblad iTvleba, 
Tavs iCens reproduqciuli funqciis Sewyvetamdec. aseTi niSnebia: gaWaRaraveba, mxedvelobis da-
qveiTeba da sxv.

mecnierebas, romelic daberebis procesebs Seiswavlis gerontologia ewodeba.

cxrili 6.2
zogierTi saxeobis sicocxlis saSualo xangrZlivoba

organizmi
sicocxlis xangr-
Zlivoba

cianobaqteria ramdenime saaTi

peniciliumi (Penicilium notarum) ramdenime kvira

abeda soko (Fomes fomentarius) 25 wlamde

xorbali (Triticum vulgaris) 1 wlamde

vazi (Vitis vinifera) 80-100 weli

vaSli (Malus domestica) 200 weli

kakali (Iuglans regia) 300-400 weli

cacxvi (Tilia grandifolia) 1000 weli

muxa (Quercus robur) 1200 weli

mamontis xe (Sequoia gigantea) 5000 weli

futkari (Apis mellifera) 5 wlamde

loqo (Silurus glanis) 60 weli

gombeSo (Bufo bufo) 36 wlamde

ku (Testudo sumeiri) 150 wlamde

veJani mtredi (Columba livia) 30 wlamde

afrikuli spilo (Elephus maximus) 60 weli

giboni (Hylobates lar) 32 wlamde
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genetika (berZ. geneticos – warmoSoba, dabadeba) Seiswavlis cocxali sistemis or ZiriTad Tvi-
sebas – memkvidreobiTobasa (memkvidruloba) da cvalebadobas. genetika SedarebiT axlad Camo-
yalibebuli mecnierebaa, miuxedavad amisa, igi Tanamedrove biologiur mecnierebaTa safuZvelia. 
memkvidreobiTobisa da cvalebadobis kanonzomierebebi sayovelTaoa cocxali sistemebisaTvis 
da moqmedebs yvela maTganSi – virusiT dawyebuli da adamianiT damTavrebuli. memkvidreobiTo-
ba aris organizmis Tviseba, gamravlebis procesSi gadasces STamomavlobas informacia niSan-
Tvisebebisa da ganviTarebis Taviseburebebis Sesaxeb. memkvidreobiToba ganapirobebs msgavsebas 
mSoblebsa da Svilebs, debsa da Zmebs Soris. mSobel organizms aqvs unari gadasces informacia, rom-
lis mixedviTac SvilebSi niSan-TvisebaTa Camoyalibeba xdeba. magaliTad, adamianSi mravali niSani 
da Tviseba memkvidreobs, rogoricaa Tmis feri da forma, Tvalis feradi garsis Seferiloba, xmis 
tembri, musikaluri smena da a.S. amJamad cnobilia adamianis 4000-mde memkvidruli daavadeba.

calkeuli niSnis an Tvisebis Camoyalibebas geni axdens. Taobebs gadaecema ara niSan-Tvisebebi, 
aramed misi ganmsazRvreli genebi. geni memkvidrulobis diskretuli erTeulia, romelic gan-
sazRvravs calkeuli elementaruli niSnis an Tvisebis ganviTarebas. 

genebis gadacema gamravlebis meSveobiT xorcieldeba. usqeso gamravlebisas memkvidruli 
informacia gadaecema somaturi ujredebiTa da sporebiT, ris gamoc mSoblebsa da Svilebs Soris 
didi msgavsebaa. sqesobrivi gamravlebisas ki informaciis gadacema xdeba gametebis meSveobiT. am 
SemTxvevaSi mSoblebsa da STamomavalTa Soris msgavseba gacilebiT naklebia, vxvdebiT did nairgva-
robas. 

memkvidrulobasTan erTad moqmedebs misi sawinaaRmdego da ganuyofeli movlena _ cvale-
badoba. marTalia, mSoblebi Tavis msgavs STamomavlobas iZlevian, magram es msgavseba absoluturi 
rodia. Svilebi mSoblebis zusti aslebi ar arian. maT Soris didia gansxvavebac. ase magaliTad, or 
erTnair adamians ver SexvdebiT. gamonaklisia monozigoturi tyupebi (maT aqvT identuri genebi), 
magram gansxvavebul pirobebSi gazrdili monozigoturi tyupebi erTmaneTisgan mainc gansxvavde-
bian. Taobebs Soris, Svilebs Soris gansxvavebebi cvalebadobis mimaniSnebelia.

cvalebadoba aris cocxalis zogadi Tviseba, rac gamowveulia genebis cvlilebiT an maTi 
kombinirebiT, aseve individualuri ganviTarebis procesSi maTi gamovlenis cvlilebiT. amri-
gad, cvalebadobas iwvevs rogorc genis uSualo cvlileba, ise genotipSi axali kombinaciebis warmo-
qmna da individuri ganviTarebis procesSi garemo faqtorebis moqmedebiT maTi eqspresiis cvlile-
ba. memkvidreobiToba ara marto msgavsebis, aramed organizmebs Soris gansxvavebis SenarCunebasac 
uzrunvelyofs. 

memkvidrulobis kanonzomierebebi da memkvidreobis principebi

genetikis dafuZneba.  memkvidreobis Sesaxeb saintereso Sexedulebebi gadmocemulia an-
tikuri epoqis filosofosTa da eqimTa naSromebSi jer kidev V saukuneSi Cv.w. aR.-mde. maT Camoa-
yalibes ori ZiriTadi hipoTeza pirdapiri da arapirdapiri memkvidreobis Sesaxeb. pirdapiri 
memkvidreobis momxre iyo hipokrate. mas miaCnda, rom reproduqciuli masala sxeulis yvela nawi
lidan ikribeba da yvela organo uSualo gavlenas axdens STamomavalTa niSnebze. am hipoTezam 23 
saukune iarseba.

sawinaaRmdego mosazrebas aviTarebda aristotele. igi arapirdapiri memkvidreobis momxre 
iyo. misi azriT, reproduqciuli masala sxeulis sxvadasxva nawilidan ki ar ikribeba, aramed sakvebi 
nivTierebebidan warmoiqmneba da sxeulis sxvadasxva nawilis agebas emsaxureba. 

mendelamde gabatonebuli iyo ,,Serwymuli memkvidreobis” hipoTeza. am hipoTezis Tanaxmad, 
gansxvavebuli mSobliuri formebis SejvarebiT miRebul STamomavlebs genetikuri masalis erTma-
neTSi Serevis gamo Sualeduri niSnebi uviTardebaT.

genetikis fuZemdeblad samarTlianadaa miCneuli gregor mendeli (1822-1884). man Tavisi kvle-
vis Sedegebi 1865 wels moaxsena q. briunis (amJamad q. brno) bunebismetyvelTa sazogadoebas, xolo 
naSromi “cdebi mcenareTa hibridebze“ 1866 wels amave sazogadoebis SromaTa krebulSi gamoqveyn-
da. g. mendelma eqsperimentis meSveobiT daasabuTa memkvidreobis diskretuloba. miuxedavad imisa, 
rom g. mendelis naSroms mravali mecnieri gaecno, am aRmoCenas aRiareba ar mohyolia. marTalia, g. 
mendelis gamokvlevebiT safuZveli Caeyara biologiis axal dargs _ genetikas, misi Seqmnis ofi
cialur TariRad mainc 1900 weli iTvleba. am wels g.mendelis miviwyebuli Sroma xelmeored iqna 
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aRmoCenili da dadasturebuli erTmaneTisagan damoukideblad sami mecnieris: holandieli hugo 
de frizis, germaneli karl korensisa da avstrieli erix Cermakis mier. 

7.1 mendelis mier dadgenili kanonzomierebebi
hibridologiuri meTodi. g. mendelma1 memkvidreobis kanonzomierebaTa dadgena SeZlo 

genetikuri kvlevis sruliad axali, originaluri – hibridologiuri meTodis SemuSavebisa da 
sworad SerCeuli kvlevis obieqtis meSveobiT. man memkvidreobis rTuli problema gaamartiva: wina-
morbed mecnierTagan gansxvavebiT, ikvlevda ara mcenaris yvela niSans erTad, aramed calkeuli sa-
pirispiro (alternatiuli) niSnis memkvidreobas, kerZod, winaswar sagangebod SerCeuli jer erTi, 
Semdeg ori da sami wyvili sapirispiro niSnis TaobebSi gadacemis kanonzomierebebs. 

mendelis mier SemuSavebuli hibridologiuri meTodis principebia: 1. winaswar SerCeuli al-
ternatiuli niSnebis myari (konstanturi) memkvidreobis SemTxvevaSi maTi cdebSi gamoyeneba; 2. ni-
Sani unda iyos mkafiod gamoxatuli, Sesaswavlad advili; 3. TiToeul TaobaSi Sesaswavli niSnebis 
mixedviT raodenobrivi analizis Catareba; 4. calkeuli hibridis STamomavlobis raodenobrivi ana-
lizi Sesaswavli niSnebis mixedviT. 

mendelma cdebi Caatara mcenare bardaze. mas axasiaTebs: 1. jiSTa didi nairgvaroba; 2. TviT-
mtveria mcenarea, magram advilad SesaZlebelia misi xelovnuri damtvervac; 3. moepoveba erTmane-
Tisagan mkveTrad gansxvavebuli (alternatiuli) niSnebi. mendelma cdebis Catarebamde sagangebod 
Seamowma SerCeuli sapirispiro (alternatiuli) niSnebis memkvidreoba. SerCeul jiSebs ori wlis 
ganmavlobaSi TviTdamtverviT amravlebda. man SearCia iseTi alternatiuli niSnebi, romlebic Tao-
baTa manZilze ucvlelad memkvidreobda. am gziT mendelma gamoiyvana wminda xazebi, romlebzec Ca-
atara hibridologiuri analizi. mendelma cdebSi gamoiyena 7 wyvili niSani. kerZod, mendelis mier 
gamoyvanili wminda xazebi gansxvavdeboda Teslis feriT (yviTeli da mwvane) da formiT (mrgvali da 
naoWiani), Teslis kanis feriT (ruxi da TeTri) da masTan korelaciuri niSniT _ yvavilis feriT (me-
wamuli da TeTri), Reroze yvavilTa ganlagebiT (kenwruli da iRliuri), momwifebuli parkis feriT 
(yviTeli da mwvane) da formiT (mTliani da datixruli), Reros sigrZiT (maRali da qondara). 

hibridologiuri analizis dros Sejvarebis sqemis Casawerad iyeneben sayovelTaod miRebul 
simboloebs. ajvareben winaswar SerCeuli niSnebiT gansxvavebul individebs. Sejvareba gamravlebis 
(X) niSniT aRiniSneba. sqemis Sedgenisas pirvelad mdedrobiTi sqesis organizms weren. igi aRiniSne-
ba ♀ (veneras sarke) simboloTi, Semdeg ki mamrobiTi sqesis individs aTavseben, romelic ♂ (marsis 
Subi da fari) simboloTi aRiniSneba. Sesajvarebeli organizmebi (mSoblebi), romlebzec analizs 
atareben, laTinuri P asoTi (pirveli aso laTinuri sityvisa Parentale) aRiniSneba. gansxvavebuli ni-
San-Tvisebebis mqone organizmebis SejvarebiT miRebul STamomavlobas hibriduli ewodeba, xolo 
calkeul individs – hibridi. hibriduli Taoba laTinuri F asoTi aRiniSneba (pirveli aso sityvisa 
Filii-Svilebi). asosTan cifrobrivi indeqsi hibridul Taobas gamoxatavs: magaliTad, F1 – pirvel Ta-
obas; pirveli Taobis individebis SejvarebiT miiReba meore Taoba, romelic F2-iT aRiniSneba; mesame 
- F3-iT da a. S.

7.1.1 monohibriduli Sejvareba
pirveli Taobis hibridTa erTgvarobis kanoni.  Sejvarebas, rodesac Sesawyvile-

beli individebi erTmaneTisagan erTi wyvili sapirispiro (alternatiuli) niSniT gansxvavde-
bian, monohibriduli ewodeba. mendelma Seajvara individebi, romlebic alternatiuli niSnebiT 
gansxvavdebodnen. cdis yvela variantSi wyvili sapirispiro niSnidan mxolod TiTo gamovlinda, me-
ore ki – ara. yvavilis feriT gansxvavebuli mSoblebis STamomavloba mewamulyvaviliani aRmoCnda, 
gansxvavebuli Teslis formiT – gluvi, Teslis feriT gansxvavebulis – yviTeli, Reros zomiT gan-
sxvavebulis – maRalReroiani da a. S. pirveli hibriduli Taoba erTgvarovani iyo. niSans, romelic 
vlindeba pirvel TaobaSi, mendelma uwoda dominanturi (laTin. dominans _ gabatonebuli), xolo 
romelic ver vlindeba, recesiuli (laTin. recesius _ ukuqceuli, daTrgunuli). pirvel hibridul 
TaobaSi erTi niSnis mier meoris daxSobis movlenas mendelma dominireba uwoda. es movlena aRmoC-

1 iohan gregor mendeli (1822-1884) daibada haicendorfSi (avstro-ungreTi, axland. ginCice, CexeTi). dawye-
biTi ganaTleba haicendorfisa da lipnikis skolebSi miiRo. 1843 w. daamTavra olmiucis un-Tan arsebuli 
filosofiuri klasebi. mendeli imave wels berad aRikveca briunis (axland. brno) avgustianelTa wm. Tomas 
monasterSi. 1851-1853 ww. swavlobda venis universitetSi. igi gulmodgined daeufla RvTismetyvelebas, fi-
zikas, qimiasa da biologias. 1868 wlidan wm. Tomas monastris winamZRvaria. 1856- 1865 ww. Caatara sayovelTa-
od aRiarebuli cdebi bardaze. cdis Sedegebi 1965 w. moaxsena brnos bunebismetyvelTa sazogadoebas, xolo 
1866 w. Sromis saxiT gamoqveynda. am gamokvlevebs mendelis sicocxleSi aRiareba ar mohyolia, Tumca mrava-
li gamoCenili mecnierisTvis iyo cnobili. mendelis miviwyebuli Sromis siswore h. de frizma, k. korensma 
da e. Cermakma erTmaneTisagan damoukideblad da erTdroulad (1900) cdebiT dadastures. miviwyebuli mkv-
levari axali dargis _ genetikis fuZemdeblad aRiares.
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nda universaluri, romelic moqmedebs mikroorganizmebSi, mcenareebSi, cxovelebsa da adamianSi. 
vinaidan pirvel TaobaSi yvela hibridi erTnairia, am kanonzomierebas mendelis pirveli kanoni 
anu pirveli Taobis hibridTa erTgvarobis kanoni uwodes. 

daTiSvis kanoni. pirveli Taobis hibriduli mcenareebis TviTdamtverviT mendelma mii-
Ro meore Taoba, romelSic dominantur niSanTan erTad recesiuli niSanic gamovlinda. amjerad, 
orive mSoblis niSnebma iCina Tavi. zogierTma mcenarem gaikeTa mewamuli, sxvam – TeTri yvavilebi; 
gaCnda mcenareebi rogorc yviTeli, ise mwvane, rogorc gluvi, ise naoWiani TeslebiT. analogiuri 
movlena SeiniSneboda sxva niSnebis mixedviTac. dominanturi da recesiuli niSnis mqone individebi 
garkveuli raodenobrivi TanafardobiT miiReba. individTa 3/4-s dominanturi niSani hqonda, xolo 
1/4-s – recesiuli. amrigad, meore TaobaSi dominanturi da recesiuli niSnis mixedviT xdeboda da-
TiSva, romelic garkveul raodenobriv kanonzomierebebs eqvemdebareboda. kerZod, Tanafardoba 
daaxloebiT iyo 3:1. meore TaobaSi orive mSoblis niSnis (dominanturisa da recesiulis) gamo-
vlenis kanonzomierebas mendelis meore anu daTiSvis kanoni uwodes. mendelma daamtkica, rom 
recesiuli niSani pirvel TaobaSi ki ar ikargeba an difuzirdeba (iTqvifeba) sxva niSnebSi, aramed 
pirvel TaobaSive iTrguneba da amitomac ver vlindeba. 

alelizmi. mendelma ivarauda, rom memkvidreobs ara niSan-Tvisebebi, aramed maTi ganmsazR-
vreli genebi. isini mudmivi da ucvleli saxiT gadaecema STamomavlobas. geni warmoadgens mem
kvidrulobis elementarul diskretul erTeuls, romelic niSnis an Tvisebis ganviTarebas gan-
sazRvravs. 

mendelma SemoiRo genTa aRniSvnis simbolika. man dominanturi geni aRniSna laTinuri anbanis 
didi (mTavruli) asoebiT (A an B), xolo recesiuli – pataraTi (a an b). sapirispiro (alternatiul) 
niSans gansazRvravs genis erTi wyvili. yoveli individi erT maTgans dedisagan iRebs, meores – mami-
sagan. alternatiuli niSnis ganmsazRvrel wyvil genebs aleluri wyvilebi, wyvilis TiToeul we-
vrs _ aleli, movlenas ki _ alelizmi ewodeba.

mocemul magaliTebSi yovel gens aqvs ori mdgomareoba: dominanturi (mag. A) an recesiuli (mag. 
a). kerZod, bardaSi Teslis formas erTi genis ori aleli gansazRvravs: dominanturi A – gluvs, re-
cesiuli a – naoWians. amgvarsave movlenas hqonda adgili bardaSi sxva sapirispiro niSnebis SemTxve-
vaSic. amrigad, aleli genis arsebobis formaa. igi organizmSi metwilad ori variantiT gvxvdeba. 

fenotipi da genotipi. mendelma miRebuli Sedegi axsna gametaTa siwmindis hipoTeziT, 
romelsac dasabuTebis Semdeg gametaTa siwmindis wess uwodeben. dominanturi niSnis (mag., gluvTe-
slianobis) ganmsazRvreli aleli aRiniSneba A asoTi, xolo recesiuli niSnis (mag. naoWiani Teslis) 
ganmsazRvreli – a asoTi. dominanturi niSnis mqone individs (mag., gluvTeslians) eqneba genis AA 
alelebi, recesiulis mqones ki (mag., naoWianTeslians) – aa alelebi. gametebSi wyvili alelidan mxo-
lod TiToa warmodgenili. gluvTeslian mcenareSi warmoiqmneba A alelis, xolo naoWianTeslianSi 
a alelis mqone gametebi. organizmi, romelsac moepoveba erTi da imave genis erTnairi alelebi (mag., 
AA an aa) da iZleva erTi tipis gametebs, homozigoturi ewodeba. homozigoturi individi TviT
damtverviT an urTierTSejvarebiT gamravlebisas ar iTiSeba. igi wminda STamomavlobas iZleva. gan
sxvavebuli saxis homozigoturi mSoblebis (mag., AA x aa) SejvarebiT ki miiReba Aa alelebiani hibri-
debi. wyvili alelidan hibridi erTs dedisagan (A-s), meores ki – mamisagan (a -s) iRebs. 

pirvel TaobaSi miRebul hibridebs moepovebaT rogorc gluvi Teslis – A, ise naoWiani Te-
slis _ a ganmsazRvreli alelebi. vinaidan A aleli axSobs a alelis moqmedebas, amitom pirveli 
Taobis hibridebi gluv Tesls ikeTeben. e. i. moqmedebs pirveli Taobis hibridTa erTgvarovnebis 
kanoni. pirvel TaobaSi miRebuli hibridebi heterozigoturebia. organizms, romelic Seicavs erTi 
da imave genis gansxvavebul alelebs (mag.,FAa) da warmoqmnis sxvadasxva saxis gametebs (rogorc A-s 
Semcvels, ise a-s Semcvelsac), heterozigoturi ewodeba. 

pirvel TaobaSi miRebuli (Aa) hibridebi garegnobiT gluvTeslian (AA) mSobels emsgavsebian, 
alelTa SemcvelobiT ki gansxvavdebian. individis garegan da Sinagan niSan-TvisebaTa erTobliobas 
fenotipi ewodeba, xolo individSi warmodgenil genTa erTobliobas - genotipi. 

pirveli Taobis individebi mendelma TviTdamtverviT gaamravla da meore hibriduli Taoba 
miiRo. man ivarauda, rom pirveli Taobis heterozigotur (Aa) mcenareebSi Tanabari raodenobiT 
warmoiqmneba ori tipis gametebi: A an a alelis mqone. imis gamo, rom ganayofierebisas gametebis 
Serwyma SemTxveviT xasiaTs atarebs, A alelis mqone spermiebs Tanabari albaTobiT SeuZliaT gaa-
nayofieron rogorc A, ise a aleliani kvercxujredebi. aseve, a alelis mqone spermiebs SeuZliaT 
Tanabari albaTobiT gaanayofieron orive saxis mdedrobiTi gametebi – kvercxujredebi. alelTa es 
oTxi SesaZlo kombinacia zigotebSi Tanabari albaTobiT realizdeba (sur. 7. 1). 

rogorc penetis cxrilidan Cans, meore TaobaSi Tanabari raodenobiT miiReba individTa oTxi 
klasi: AA, Aa, Aa, aa. meore TaobaSi aRiniSneba daTiSva. Tu miRebul Sedegs fenotipis mixedviT ga-
vaanalizebT, individebis 3/4 nawili iqneba gluvTesliani, vinaidan isini genis dominantur A alels 
Seicaven. 1/4 nawili naoWTesliani iqneba, radgan maT genis recesiuli alelebi aqvT. amrigad, meo-
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re TaobaSi fenotipis mixedviT daTiSva qmnis Tanafardobas 3:1. genotipis mixedviT daTiSva gan-
sxvavdeba fenotipurisagan. individebis erTi nawili dominanturi alelebis mixedviT aris homo-
zigoturi (AA), romlebic momdevno F3 TaobaSi aRar daiTiSeba, ori nawili heterozigoturia (Aa), 
F3-Si isini daiTiSebian TanafardobiT 3:1, erTi nawili ki recesiuli homozigoti – aa mcenareebia. 
momdevno TaobaSi isini aRar daiTiSebian. amrigad, genotipis mixedviT daTiSva aris TanafardobiT 
1AA:2Aa:1aa. 

gametaTa siwmindis wesi. rogorc ukve aRvniSneT, mendelma miRebuli Sedegis asaxsnelad 
wamoayena gametaTa siwmindis hipoTeza, romelic mogvianebiT dadasturda. amJamad mas gametebis 
siwmindis wess uwodeben. monohibriduli Sejvarebisas niSnebis memkvidreobis analizis safuZvelze 
mniSvnelovani daskvnis gakeTeba SeiZleba: radgan pirveli Taobis hibridebSi wyvili alternatiuli 
niSnidan mxolod erTi - dominanturi - vlindeba, meore TaobaSi ki recesiuli niSani kvlav wminda 
saxiT iCens Tavs, bunebrivia, heterozigotur – Aa individSi A da a alelebis erTmaneTSi Sereva an 
Serwyma ar xdeba. hibridSi isini gancalkevebuli ,,wminda’’ saxiT gvxvdebian. wyvili alelidan game-
taSi mxolod TiToa. amitom heterozigotur organizmSi ori saxis A an a alelebis mqone gametebi 
yalibdeba. gametaSi A aleli ,,wmindaa’’. igi a alelis araviTar nawils ar Seicavs da piriqiT a alelis 
mqone gametas A alelis nawili ar gaaCnia. amdenad, hibridSi warmoqmnili gametebi arahibridulia, 
,,wmindaa”. alternatiuli niSnis ganmsazRvrel alelTa Seurwymelobas gametaTa siwmindis wesi 
ewodeba. 

arasruli dominireba. mendelis mier Catarebul cdebSi, rogorc zemoT vnaxeT, genis erTi 
aleli mTlianad axSobda meoris moqmedebas, e. i. gvxvdeboda sruli dominireba. am dros pirvel Tao-
baSi miRebuli hibridebi fenotipurad erT-erTi mSoblis msgavsia. mcenareebSi, cxovelebsa da ada-
mianSi gamovlenilia mravali iseTi niSani, romelTa ganmsazRvrel genebSi erTi aleli mTlianad ver 
axSobs meoris moqmedebas. es SeniSna mendelmac bardaSi zogierTi niSnis memkvidreobisas. am movle-
nas arasruli anu Sualeduri dominireba ewodeba, vinaidan pirvel TaobaSi miRebuli hibridebi 
orive mSobels emsgavseba – Sualeduria. pirvelad es movlena Seiswavles gulisabasa da devispira-

Si wiTel da Te-
Tryvavilebian 
mcenareTa Sejva-
rebisas. pirvel 
TaobaSi hibri-
debs (Aa) vardi-
sferi yvavilebi 
hqondaT. isini 
orive mSoblis 
msgavsi – Suale-
duri aRmoCnda. 
meore Taoba-
Si hibridebis 
erT nawils (AA) 
hqondaT wiTe-
li, ors (Aa) _ 
vardisferi, erT 
nawils (aa)ki - 
TeTri yvavile-
bi. vinaidan he
terozigoturi 
(Aa) mcenareebi 
f e n o t i p u r a d 
gansxvavdebian 

homozigoturebisagan, meore TaobaSi daTiSva fenotipisa da genotipis mixedviT erTmaneTs emTxve-
va da aris TanafardobiT 1AA:2Aa:1aa (sur. 7.1). arasruli dominantoba farTod gavrcelebuli 
movlenaa. 

gamaanalizebeli Sejvareba. recesiuli geni mxolod homozigotur mdgomareobaSi vlin-
deba. amdenad, Tu individs recesiuli niSani moepoveba, advilia misi genotipis gansazRvra. domi-
nanturi niSnis mqone individSi fenotipis mixedviT SeuZlebelia genotipis dadgena. amitom genoti-
pis gansazRvras saTanado genetikuri meTodiT – gamaanalizebeli SejvarebiT - axdenen. am meTodis 
arsi Semdegia: individs, romlis genotipis gansazRvra undaT, ujvareben recesiuli niSnis mqone 
individs. magaliTad, gluvTesliani barda SeiZleba iyos rogorc homozigoturi (AA), ise hetero-
zigoturi (Aa). davuSvaT, gluvTesliani mcenare homozigoturia (AA); masSi warmoiqmneba erTi sa-

sur. 7.1. monohibriduli Sejvareba bardasa (sruli dominireba) da gulisabaSi (arasru-
li dominireba). 
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xis A-alelis mqone gametebi, aseve erTi 
saxis gametebi yalibdeba naoWTeslian 
(aa) mcenareSi. gametebis SerwymiT miiRe-
ba Aa genotipis hibridebi. amrigad, Tu 
gamaanalizebeli Sejvarebisas miRebuli 
hibridebi erTgvarovani aRmoCnda, maSin 
ucnobi genotipis mqone individi homo-
zigoturia. 

ganvixiloT sapirispiro SemTxve-
va. davuSvaT, gluvTesliani barda hete
rozigoturia (Aa). masSi ori tipis A da 
a alelis mqone Tanabari raodenobis ga
metebi warmoiqmneba. recesiul (aa) mce-
naresTan SejvarebiT miiReba Tanabari 
raodenobis rogorc gluvTesliani (Aa), 
ise naoWTesliani (aa) hibridebi. amrigad, 
Tu gasaanalizebeli individi recesiul organizmTan Sejvarebisas iTiSeba TanafardobiT 1Aa:1aa, 
maSin igi heterozigoturia. gamaanalizebeli Sejvarebis meSveobiT, daTiSvis xasiaTis mixedviT ad-
genen, rogorc gamosakvlevi individis genotips, ise warmoqmnili gametebis tipebsa da maT Tanafar-
dobas (ix. sur. 7.2). 

alelur genTa urTierTqmedebis formebi. erTi genis alelTa Soris damokidebuleba 
araerTgvarovania. ganasxvaveben alelTa moqmedebis ramdenime formas. gamovlenilia dominirebis 
Semdegi saxeebi: 1. sruli dominirebis dros genis erTi aleli mTlianad Trgunavs meoris moqmede-
bas. alelur genTa urTierTqmedebis es movlena mendelma Seswavla; 2. arasruli dominirebis dros 
genis erTi aleli nawilobriv Trgunavs meoris moqmedebas, ris gamoc heterozigoti individi fe-
notipurad orive mSobels emsgavseba; 3. kodominireba iseTi movlenaa, rodesac genis orive aleli 
tolfasovania – ekvivalenturia, dominantur-recesiuli damokidebuleba ar moqmedebs, heterozi-
gotur mdgomareobaSi orive aleli funqcionirebs. 1927 wels adamianSi sisxlis MN jgufobrivo-
ba aRmoaCines. am sistemas me-4 qromosomaSi lokalizebuli erTi genis ori LM da LN kodominanturi 
aleli gansazRvravs. isini Sesabamisad M da N molekulis (antigenis) sinTezs akontroleben. LMLM 
genotipis adamians eriTrocitebis zedapirze M antigeni aqvs, LNLN genotipis adamianisas ki - N anti-
geni. heterozigoturi LMLN genotipis adamianSi orive aleli tolfasovania da erTnairad funqcio-
nirebs. heterozigotaSi orive saxis antigeni sinTezirdeba da eriTrocitebs M da N antigeni aqvT. 
maT MN fenotipi aReniSnebaT. 4. zedominireba: am movlenis dros heterozigotur mdgomareobaSi 
genis dominanti aleli gacilebiT Zlierad funqcionirebs da avlens Tavis moqmedebas, vidre homo-
zigotur mdgomareobaSi. 

mravlobiTi alelizmi. zemoT ganxilul magaliTebSi geni mxolod ori aleluri formiT 
(A da a an B da b da a. S.) gvxvdeboda. gamovlenilia mravali iseTi SemTxveva, rodesac geni orze meti 
variantiT – aleliTaa warmodgenili. am movlenas mravlobiTi alelizmi ewodeba. unda aRiniSnos, 
rom mravlobiTi seriis wevrebidan gametaSi mxolod erTi aleli xvdeba, calkeuli organizmi ki 
mxolod or erTnair an gansxvavebul (mag., a1a1 an a1a2 da a.S.) alels Seicavs. amdenad, mravlobiT ale-
lebSi daTiSva yovelTvis monogenuri xasiaTisaa. mravlobiT alelTa memkvidreoba mxolod popu-
laciebSi Seiswavleba.

adamianis me-9 qromosomaSi lokalizebuli I geni sisxlis AB0 jgufobriobas gansazRvravs. igi 
eriTrocitebis zedapirze ganlagebuli specifikuri antigenis sinTezs akontrolebs. geni alelTa 
martiv serias qmnis da sami (IA, IB, I0) aleliTaa warmodgenili. IA da IB alelebi Sesabamisad A da B anti-
genis sinTezs axdenen, I0 alels ki antigenis sinTezis unari ar gaaCnia. IA da IB alelebi erTmaneTis mi-
marT kodominanturia, xolo orive maTgani dominantobs I0-ze. sisxlis AB0 jgufobriobis mixedviT 
mTeli mosaxleoba oTx jgufad iyofa: I (0) jgufis adamianTa genotipia I0I0; II (A) jgufis adamianTa 
genotipebia IAIA an IAI0; III (B) jgufis _ IBIB an IBI0; IV (AB) jgufis _ IAIB. sisxlis jgufobriobis codnas 
didi mniSvneloba aqvs. sisxlis gadasxmis SemTxvevaSi am movlenis gauTvaliswineblobisas xSirad 
viTardeba hemotransfuziuri Soki, romelmac SeiZleba adamianis sikvdili gamoiwvios. 

sur. 7.2. gamaanalizebeli Sejvareba
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7.1.2 monohibriduli Sejvarebis citologiuri meqanizmi
mendelis moRvaweobis dros jer kidev ar iyo aRmoCenili da Seswavlili ujredis gayofis 

formebi, gametogenezi. mizezi imisa, Tu ra ganapirobebda pirvel TaobaSi erTgvarobas, ratom xde-
boda daTiSva meore TaobaSi an riT iyo gamowveuli faqtorTa wyviladoba da gametaTa siwmindis 

buneba – mendelisaTvis ucnobi darCa. mendelis mier 
dadgenili kanonzomierebebis xelmeored aRmoCenis 
Semdeg, 1902-1903 ww. amerikelma mecnierma u. setonma 
da germanelma mkvlevarma t. boverim erTimeorisagan 
damoukideblad yuradReba miaqcies niSan-TvisebaTa 
memkvidreobasa da homologiur qromosomaTa qcevas 
TaobaTa monacvleobis procesSi – meiozisa da gana-
yofierebis dros. am mniSvnelovani paralelizmis sa-
fuZvelze maT mogvces gametaTa siwmindis hipoTezis 
citologiuri versifikacia. 

davuSvaT, rom bardas somaturi ujredebi 
Seicavs mxolod qromosomaTa erT homologiur 
wyvils, romelSic moTavsebulia Teslis formis 
ganmsazRvreli geni. qromosomis im ubans, romelSic 
genia moTavsebuli, lokusi ewodeba. sapirispiro 
niSnis ganmsazRvreli genis alelebi homologiuri 
qromosomebis mopirdapire lokusebSi aris ganlage-
buli. vinaidan homologiuri qromosomebi wyvilia, 
gluvTeslian homozigotur mcenares ori dominanti 
AA aleli aqvs, xolo naoWTeslians ki - aa alelebi. 
meiozis Sedegad xdeba qromosomaTa ricxvis ganaxe-
vreba. gametas homologiuri wyvilidan mxolod 
erTi qromosoma aqvs da, bunebrivia, erTi aleli: 
gluvTesliani mcenaris gametebSi A aleliani, xolo 
naoWTeslianis gametebSi a aleliani qromosoma aR-
moCndeba. ganayofierebisas aRdgeba qromosomaTa 
wyviladoba. hibrids erT qromosomaSi eqneba A, meo-
reSi ki - a aleli. misi genotipi Aa iqneba, e. i. iseTi, 
rogoric mendelma ivarauda. hibridul mcenareSi 
sasqeso ujredebis momwifebisas, meiozSi, homolo-

giuri qromosomebis wevrebi erTmaneTs Sordebian. A alelis mqone qromosoma aRmoCndeba erT game-
taSi, a alelisa ki – meore gametaSi. orive saxis gametebi Tanabari raodenobiT yalibdeba mcenaris 
rogorc mdedrobiT, ise mamrobiT sasqeso organoebSi. amrigad, naTeli xdeba, Tu ratom warmoiqmne-
ba hibridul mcenareSi arahibriduli anu wminda gametebi. gametebis Serwyma SemTxveviTi xasiaTisaa. 
ganayofierebis dros orive tipis mdedrobiTi da mamrobiTi gametebi Tanabari albaTobiT erwymian 
erTmaneTs, ris gamoc xorcieldeba daTiSva TanafardobiT 1AA:2Aa:1aa (ix. sur. 7.3). 

7.1.3 dihibriduli Sejvareba
Sejvarebas, rodesac sawyisi individebi ori wyvili alternatiuli niSniT gansxvavdebian 

erTmaneTisgan, dihibriduli ewodeba. mendelma erTmaneTs Seujvara homozigoturi mcenareebi, 
romlebic ori sxvadasxva genis alelebiT gansxvavdeboda. ganvixiloT erT-erTi miseuli klasiku-
ri cda. sawyisi individebi erTmaneTisagan gansxvavdebodnen Teslis feriT (yviTeli da mwvane) da 
formiT (gluvi da naoWiani). erT-erTi mSobeli iyo yviTel- da gluvTesliani, meore ki – mwvane- da 
naoWTesliani. pirvel TaobaSi hibridebma yviTeli da gluvi Tesli gaikeTes. ar darRveula pirveli 
Taobis hibridTa erTgvarobis kanoni. pirveli Taobis hibridebi mendelma TviTdamtverviT gaamra-
vla da miiRo meore Taobis hibriduli Tesli. miRebuli Teslebidan 315 iyo yviTeli, gluvi (9 nawi-
li); 101 – yviTeli, naoWiani (3 nawili); 108 – mwvane, gluvi (3 nawili); 35 – mwvane, naoWiani (1 nawili). 
amrigad, moxda daTiSva TanafardobiT 9:3:3:1, anu ucvleli darCa meore (daTiSvis) kanoni. rodesac 
mendelma miRebuli Sedegebi calkeuli wyvili niSnis mixedviT gaanaliza (meore wyvil niSans yura-
dReba ar miaqcia), aseTi Sedegi miiRo: 416 Tesli iyo yviTeli, 140 ki _ mwvane. es Tanafardoba Zalian 
axlosaa 3:1-Tan; xolo rodesac Teslebi formis mixedviT gaanaliza, 423 iyo gluvi, 133 ki – naoWiani; 
am SemTxvevaSic daTiSva qmnis Tanafardobas 3:1. amrigad, calkeuli wyvili alternatiuli niSnis 
mixedviT daTiSva iseTive aRmoCnda, rogoric monohibriduli Sejvarebisas, ris safuZvelzec men-
delma Camoayaliba niSan-TvisebaTa damoukideblad memkvidreobis kanoni. mas amJamad mendelis me-
same anu genTa damoukideblad memkvidreobis kanoni ewodeba. 

miRebuli Sedegis asaxsnelad mendelma kvlav gametaTa siwmindis hipoTeza gamoiyena. Teslis 

sur. 7.3. monohibriduli Sejvarebis citologi-
uri versifikacia.
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yviTeli Seferilobis ganmsazRvreli geni aRniSna A 
niSniT; misi recesiuli, mwvane feris ganmsazRvreli 
aleli ki - a-Ti; gluvi formis ganmsazRvreli domi-
nanti geni – B-Ti; misi recesiuli, naoWiani formis 
ganmsazRvreli aleli ki - b-Ti. yviTeli gluvTe-
sliani homozigoti mcenaris genotipia AABB, mwvane 
gluvTeslianis ki – aabb. vinaidan gametaSi wyvili 
aleluri genidan TiToa, orive mSobeli TiTo saxis 
gametebs warmoqmnis: pirveli – AB, meore ki – ab ale-
lebians. gametebis SerwymiT pirvel TaobaSi miiRe-
ba AaBb genotipis diheterozigoturi mcenareebi, 
romlebic yviTel da gluv Teslebs gaikeTebs. dihe-
terozigotul mcenareebSi Tanabari raodenobiT 
yalibdeba oTxi saxis – AB, Ab, aB da ab alelebis 
mqone gametebi. vinaidan araaleluri genebi damou-
kideblad kombinireben, warmoiqmneba rogorc sawyi-
si individebis msgavsi – AB da ab gametebi, ise axali 
kombinaciebi –Ab da aB. 

gametebis SemTxveviTi, Tanabari albaTo-
biT Serwymis gamo miiReba zigotebi genTa 16 saxis 
kombinaciiT. mdedrobiTi da mamrobiTi gametebis 
SerwymiT miRebuli zigotebis yvela SesaZlo kombi-
nacia, meore Taobis fenotipebi da genotipebi, maTi 
Sexvedris sixSire moyvanilia cxrilSi (sur. 7.4). ro-
gorc penetis cxrilidan Cans, mis erT diagonalze 
ganlagebulia orive genis mixedviT homozigoturi, 
xolo meore diagonalze – diheterozigoturi kombi
naciebi. danarCen kvadratebSi monoheterozigotu-
ri kombinaciebia warmodgenili. cxrilSi mocemuli 
Sedegis fenotipebis mixedviT analizi cxadyofs, 
rom 16 kombinaciidan 9/16 Seicavs A da B dominan-
tur alelebs, ris gamoc Teslebi yviTeli da gluvia; 
3/16 – yviTeli da naoWiani, radganac A dominanti da 
b recesiuli alelebi aqvT. 3/16 – mwvane da naoWia-
ni, maT a recesiuli da B dominanturi alelebi aqvT; 
1/16 ki – mwvane da naoWiania, radgan maTSi mxolod 
genTa recesiuli a da b alelebia warmodgenili. amrigad, meore TaobaSi miiReba oTxi fenotipuri 
klasi TanafardobiT 9AB:3Ab:3aB:1ab. Sesabamisad, TiToeuli wyvili alelis mixedviT daTiSva 3:1 
TanafardobiT xdeba (12 yviTeli:4 mwvane da 12 gluvi:4 naoWiani). amrigad, dihibriduli Sejvareba 
warmoadgens ori monohibriduli Sejvarebis Tanwyobis Sedegs. 

Tu meore TaobaSi miRebul Sedegs genotipis mixedviT gavaanalizebT, davinaxavT, rom yviTel 
gluvTeslian fenotipur klasSi oTxi gansxvavebuli genotipuri klasia gaerTianebuli Tanafar-
dobiT 1AABB: 2AaBB:2AABb:4AaBb; yviTel- da naoWTeslianebSi ori genotipuri klasia Tanafardo-
biT 1AAbb: 2Aabb; mwvane- da gluvTeslianebSi aseve ori genotipuri klasia TanafardobiT 1aaBB: 
2aaBb. mwvane- da naoWTeslianebi erTi genotipuri aabb klasiTaa warmodgenili. meore TaobaSi ge-
notipis mixedviT daTiSvaa TanafardobiT: 1:2:2:4:1:2:1:2:1. 

organizmis niSan-TvisebaTa Camoyalibeba mravali genis moqmedebiT xdeba. bunebaSi mimdinare-
obs polihibriduli Sejvareba, radganac mSoblebi mravali niSan-TvisebiT da, Sesabamisad, mravali 
geniT gansxvavdebian. Sejvarebas, rodesac mSoblebi mravali wyvili alternatuli niSniT gan-
sxvavdebian, polihibriduli ewodeba. polihibriduli Sejvareba mravali monohibriduli Sejva-
rebis Tanwyobis Sedegia. meore TaobaSiFfenotipebis ricxviTi Tanafardoba advilad SeiZleba gani-
sazRvros formuliT (3+1)n, sadac n niSanTa wyvilis raodenobas gamoxatavs, riTac gansxvavdebian 
SejvarebaSi monawile mSoblebi. es Tanafardoba iqneba dihibridisaTvis (3+1)2 = 9:3:3:1, trihibridi-
saTvis (3+1)3 =27:9:9:9:3:3:3:1 da a. S. 

amrigad, mendeliseuli daTiSva anu fenotipuri klasebis ricxobrivi Tanafardoba mkacri 
kanonzomierebiT xdeba. kanonzomiereba vlindeba im SemTxvevaSi, Tu ori pirobaa daculi: kerZod, 
niSnebis ganmsazRvreli genebi unda iyos lokalizebuli arahomologiur qromosomebSi, TiToeuli 
geni ki sxva genebisagan damoukideblad unda gansazRvravdes calkeul niSans an Tvisebas.

sur. 7.4. Teslis ferisa da formis memkvidreoba 
bardaSi.
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7.2 araalelur genTa urTierTqmedeba
genetikis ganviTarebis adreul etapzeve dagrovda mravali faqti, romelic miuTiTebda, rom 

niSnebsa da maT ganmsazRvrel genebs Soris urTierTdamokidebuleba Zalze rTuli da mravalferova-
nia. niSnis Camoyalibeba ontogenezSi ara erTi genis, aramed maTi erTobliobiT - genotipis - moqmede-
biT xorcieldeba. Tu niSnis ganviTarebaSi ramdenime geni monawileobs, isini Tanamoqmedeben. 

gairkva, rom erTsa da imave gens SeuZlia gavlena moaxdinos ramdenime niSnis ganviTarebasa 
da Camoyalibebaze. dadgenilia sapirispiro movlenac – niSan-Tvisebis Camoyalibeba mravali genis 
urTierTqmedebiT xorcieldeba. gamovlenilia araalelur genTa urTierTqmedebis ramdenime tipi: 
komplementuri, epistazuri da polimeruli. kargadaa, agreTve, Seswavlili genis mravlobiTi anu 
pleiotropuli moqmedeba. 

genTa urTierTqmedebis yvela formis dros niSnis memkvidruloba mendelis mier dadgenil 
kanonzomierebebs emyareba. dadgenilia, rom Cndeba mendeliseuli daTiSvis zogadi formulis sa-
xecvlileba, ris mixedviTac genotipis sistemaSi genTa Soris rTul urTierTdamokidebulebas ad-
genen. 

komplementuroba. komplementuri anu damatebiTi ewodeba iseT dominant araalelur ge-
nebs, romlebic cal-calke moqmedebisas sxva, genotipSi erTad yofnisas ki – sruliad axali niSnis 
ganviTarebas iwvevs. 

urTierTqmedebis es forma pirvelad v. betsonma da r. penetim gamoavlines da Seswavles qaTmeb-
Si bibilos formis memkvidreobis analizisas. rogorc gairkva, qaTmebSi bibilos formas ori geni – R 
da P gansazRvravs da damokidebulia dominantur/recesiul alelTa kombinaciebze. orive am genis re-
cesiuli alelebi (r da p) gansazRvravs bibilos martiv formas. vardisebri formis bibilos ganviTa-
rebas dominanturi R aleli iwvevs. gvxvdeba, agreTve, bardisebri formis bibilo, romelsac gansaz
Rvravs meore, P genis dominanturi aleli. vardisebr-bibiloiani (RRpp) da bardisebr-bibiloiani 
(rrPP) qaTmebis SejvarebiT F1-Si miRebul hibridebs sruliad axali, e. w. kaklisebri formis bibilo 
aRmoaCndaT. genetikurma analizma cxadyo, rom kaklisebri formis bibilos ganviTareba gamoiwvia 
ori araaleluri genis dominanturi alelebis Tanaarsebobam hibridebSi (RrPp). F2-Si bibilos for-
mis mixedviT STamomavloba oTx fenotipur klasad daiyo: 9 nawili iyo kaklisebri, 3 – vardisebri, 3 – 
bardisebri da 1 nawili – martivi bibiloTi. aseTi Tanafardoba dihibriduli SejvarebisaTvisaa da-

maxasiaTebeli (sur. 7.5). 
miRebuli Sedegi mende-
lis klasikuri, dihibri-
duli Sejvarebis cdi-
sagan imiT gansxvavdeba, 
rom igi erT niSans - bi-
bilos formas - exeba. im 
genotipur klass, rome-
lic orive genis domi
nantur (Tundac TiTo) 
alels Seicavs, eqne-
ba kaklisebri bibilo. 
aseTia F1-Si miRebuli 
diheterozigoti (RrPp). 
meore TaobaSi miiReba 
daTiSva TanafardobiT 
9R-P-:3R-pp:3rrP-:1rrpp. 
TiTo dominanturi genis 
mqone individebs, Sesa
bamisad, vardisebri an 
bardisebri bibilo, or-

mag recesiul formas ki – martivi bibilo eqneba. maSasadame, daTiSva TanafardobiT 9:3:3:1 maSin mii-
Reba, rodesac dominantur da recesiul genebs gansxvavebuli fenotipuri efeqti aqvT. 

im SemTxvevaSi, rodesac orive araaleluri dominanturi da recesiuli genebi damoukidebel 
efeqts ar avlens an maT msgavsi moqmedeba aqvT, maSin mendelis klasikuri daTiSvis modificirebis 
gamo miiReba Tanafardoba 9:7. magaliTad, baRis arjakelSi ori gansxvavebuli TeTryvaviliani rasis 
Sejvarebisas hibridebma F1-Si mewamuli yvavilebi gaikeTes, F2-Si ki mcenareebi or fenotipur jgu-
fad daiyo. pirvelma jgufma, romelic mTeli mcenareebis 9 nawils Seadgenda, mewamuli yvavilebi 
gaikeTa, meorem ki, romlis raodenoba daaxloebiT 7 nawili iyo – TeTri. vinaidan F2-Si miiReba geno-
tipTa 16 kombinacia, aSkarad figurirebs digenuri memkvidreoba. radganac F1-Si miRebuli hibridebi 
gansxvavdebian mSoblebisgan, es ukanasknelni TiTo dominant gens Seicaven da maTi genotipebia AAbb 

sur. 7.5. bibilos formis memkvidreoba qaTmebSi (komplementuroba).
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da aaBB. F1-Si orive A da B genis dominanturi alele-
bi erT genotipSi erTiandeba. maTi urTierTqmedebis 
Sedegad mcenareebSi sinTezdeba pigmenti, ris gamoc 
maT mewamuli yvavilebi gamoaqvT. mendelis daTiSvis 
kanonidan gamomdinare, meore TaobaSi unda moxdes 
daTiSva TanafardobiT 9A-B-:3A-bb:3aaB-:1aabb. yve-
la is mcenare, romelsac orive A da B genis dominan-
turi (Tundac TiTo) aleli genotipSi erTad eqneba, 
mewamul yvavilebs gaikeTebs. dominanturi alelebis 
cal-calke genotipSi moxvedrisas an ararsebobis 
dros ar xdeba pigmentis sinTezi – maT TeTri yva-
vilebi eqnebaT. 3Ab + 3aB + 1ab = 7 klasebis gaer
Tianebis gamo mendelis klasikuri formulis modi-
ficireba xdeba da miiReba daTiSva TanafardobiT 9:7 
(sur. 7.6). 

rodesac erT-erTi dominanturi da orive re-
cesiuli geni erTnair fenotipur efeqts avlens, 
yalibdeba daTiSva TanafardobiT: 9 : 3 : 4. ase maga-
liTad, Sav (AAbb) da TeTrbalniani (aaBB) bocvrebis 
STamomavloba, A da B genis dominanturi alelebis 
urTierTqmedebis gamo, F1-Si ruxia (AaBb). F2-Si men-
delis klasikuri daTiSvis modificirebis Sedegad 
yalibdeba daTiSva TanafardobiT 9 ruxi (A-B-) : 3 
Savi (A-bb) : 4 TeTri (3aaB-+1aabb) (sur. 7.7). genTa 
koplementurobisas zogjer SeiniSneba daTiSva Ta-
nafardobiT 9:6:1. igi yalibdeba, rodesac dominant 
genebs genotipSi calk-calke arsebobisas msgavsi 
fenotipuri efeqti aqvs, xolo recesiuli genebi erTnair fenotips warmoqmnis. sanimuSod mogvyavs 
erTi magaliTi. sferosebrnayofiani gogris ori gansxvavebuli jiSis (AAbb x aaBB) SejvarebiT mi-
Rebul hibridSi dominanti A da B geni urTierTqmedebs da F1-Si diskosebur nayofs ikeTebs.  F2-Si 
yalibdeba daTiSva: 9 diskoseburi (A_B_) 
: 6 sferoseburi (3 A_bb + 3aaB_) : 1 wagr-
Zelebuli (aabb). 

epistazi.genTa iseT urTierTqme-
debas, rodesac erTi araaleluri geni 
axSobs meore genis moqmedebas, epistazu-
ri ewodeba. dominanturi epistazis dros 
erTi dominanturi geni Trgunavs meore 
araaleluri dominanturi an recesiuli 
genis moqmedebas (mag., A>B an b). recesiu-
li epistazis dros piruku, recesiuli 
geni axSobs araaleluri dominantis an 
recesiuli genis moqmedebas (mag., a>B an 
b). dominanturi epistazis SemTxvevaSi, 
rodesac inhibitor gens damoukidebeli 
fenotipuri efeqti ara aqvs, mendelis 
klasikuri formulis modificirebis 
gamo meore TaobaSi miiReba daTiSva Ta-
nafardobiT 13:3.

qaTmebSi ori gansxvavebuli jiSis 
TeTri individebis SejvarebiT pirvel 
TaobaSi kvlav TeTri Seferilobis STamomavloba miiRes. meore TaobaSi qaTmebi SeferilobiT or 
fenotipur jgufad daiyo: 13 nawili aRmoCnda TeTri, xolo 3 nawili Savi. genetikuri analiziT dad-
ginda, rom am SemTxvevaSi Tavs iCens digenuri memkvidreoba. miiReba zigotaTa 16 kombinacia. mSo-
blebidan erT-erTis genotipia CCII, sadac C genis dominanturi aleli gansazRvravs Savi pigmentis-
melaninis sinTezs, misi recesiuli c aleli pigmentis sinTezs ver iwvevs. meore, inhibitori I genis 
dominantur alels damoukidebeli fenotipuri efeqti ar gaaCnia. igi axSobs C genis moqmedebas. 
recesiuli i aleli pigmentis sinTezze gavlenas ar axdens. qaTmis zemoT dasaxelebuli jiSi (TeTri 
viandoti) genotipSi pigmentis masinTezebeli C genis dominanturi alelis arsebobis miuxedavad 

sur. 7.6. yvavilis Seferilobis memkvidreoba 
baRis arjakelSi (komplementuroba).

sur. 7.7. balnis Seferilobis memkvidreoba bocvrebSi (kom-
plementuroba).
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TeTria, radgan mis moqmedebas I geni axSobs. meore 
TeTri mSobeli (TeTri minoruli) dihomozigoturi 
(ccii) recesivia. pirvel TaobaSi miRebuli dihetero-
zigoti CcIi frinvelebi genotipSi I supresori genis 
arsebobis gamo TeTri Seferilobisani arian. meo-
re TaobaSi, mendelis kanonidan gamomdinare, unda 
moxdes daTiSva TanafardobiT 9C-I-:3C-ii:3ccI-:1ccii; 
warmoqmnili kombinaciebidan mxolod 3/16C-ii (CCii 
da Ccii) eqneba Savi Seferiloba. maTi genotipi ar 
Seicavs I supresors da dominanti C aleli funqcio-
nirebs. genotipTa danarCeni klasebi (9C-I-+3ccI-
-+1ccii=13) Seicavs mxolod I alels an recesiuli 
dihomozigotebi arian, maT erTnairi fenotipi aqvT 
– TeTri Seferiloba, ris gamoc miiReba daTiSva Ta-
nafardobiT 13:3 (sur. 7.8). 

dominanturi epistazis dros fenotipuri da-
TiSva meore TaobaSi SeiZleba iyos 12:3:1 [(9+3):3:1]. am 
saxis daTiSva xdeba maSin, rodesac orive recesiuli 
genis mqone homozigot individs specifikuri fe-
notipi aqvs. magaliTad, TeTri da yavisferi ZaRle-
bis Sejvarebisas pirvel TaobaSi hibridebs TeTri 
lekvebi hyavT, meore TaobaSi xdeba daTiSva 12 TeTri: 
3 Savi: 1 yavisferi. vinaidan meore TaobaSi zigotebis 
16 kombinacia miiReba, Cndeba digenuri memkvidreoba. 
Tu miRebul Sedegs calkeuli niSnis mixedviT gavaa-
nalizebT (Seferili da Seuferavi, Savi da yavisferi) 
cxadi xdeba, rom TeTri Seferiloba dominanturia: 
12 TeTri: 4 Seferili, e. i. 3:1. daTiSva 3 Savi: 1 yavi-
sferi miuTiTebs, rom Sav Seferilobas dominanti 

geni gansazRvravs, yavisfers ki – recesiuli. pigmentis sinTezis inhibirebas iwvevs I genis dominan-
turi aleli, risi unaric ar gaaCnia i recesiul alels. Sav Seferilobas gansazRvravs genis A ale-
li, yavisfers ki – recesiuli aleli. mSoblebis genotipebia IIAA (TeTri) da iiaa (yavisferi). pirvel 
TaobaSi miRebuli hibridebis genotipia IiAa; F2-Si miiReba daTiSva 9I-A-+3I-aa TeTri: 3iiA- Savi: 1iiaa 

yavisferi (sur. 7.9). 
polimeria. movlenas, rodesac 

ramdenime araaleluri geni erTi da imave 
niSan-Tvisebis (fenis) ganviTarebas gan-
sazRvravs, polimeria ewodeba. am SemTxve
vaSi sxvadasxva geni TiTqos erTmaneTis 
moqmedebas imeoreben. urTierTmoqmedi 
polimeruli genebidan genotipSi nebi-
smieri erTi dominanti alelis arseboba 
iwvevs niSnis Camoyalibebas. ori araale-
luri dominanti genis mier gansazRvru-
li niSnis ganviTarebas dimeria ewodeba, 
samis mier - trimeria da a. S. polimeriis 
movlena xorbalSi pirvelad Seiswavla 
Svedma genetikosma n. nilson-elem (1908). 
wiTeli da TeTrmarcvliani mcenareebis 
SejvarebiT miRebuli F1-is hibridebi wi-
Telmarcvliani aRmoCnda. meore TaobaSi 
ki man miiRo wiTeli da TeTrmarcvlia-
ni mcenareebi TanafardobiT 15:1. amave 
dros Seferili marcvlebi araerTfe-
rovani iyo da varirebda muqi wiTlidan 
Ria vardisferamde e. w. xorblisferamde. 
Sejvarebis tipi Zalian hgavs monogenur 
memkvidreobas, magram radganac meore 
TaobaSi genotipTa 16 kombinacia miiReba, 

sur. 7.8. bumbulis Seferilobis memkvidreoba 
qaTmebSi (epistazi).

sur. 7.9. balnis Seferilobis memkvidreoba ZaRlebSi 
(epistazi).
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Tavs iCens digenuri memkvidreoba, kerZod, di-
meriis movlena. erTsa da imave niSanze moqmed 
genebs laTinuri anbanis erTnairi asoebiT 
aRniSnaven, oRond ganasxvaveben cifrobri-
vi indeqsiT. marcvlis wiTeli Seferilobis 
ganmsazRvreli genebi aRvniSnoT A1 

da A2 sim-
boloTi, xolo maTi recesiuli alelebi, rom-
lebic marcvlis TeTr Seferilobas iwveven, 
Sesabamisad a1 da a2-iT. wiTelmarcvliani mSo-
blis genotipia A1A1A2A2, TeTrmarcvlianisa ki 
_ a1a1a2a2. F1-Si miRebuli diheterozigotu-
li A1a1A2a2 mcenareebi genotipSi dominanturi 
genebis arsebobis gamo wiTel marcvlebs ike-
Teben. meore TaobaSi, mendelis kanonebidan 
gamomdinare, miiReba daTiSva TanafardobiT: 
9A1A2: 3A1a2: 3a1A2: 1a1a2; vinaidan genotipTa 
15 nawils dominanturi alelebi aqvs, wiTel 
marcvals gaikeTeben. 1 nawils mxolod rece-
siuli alelebi aqvs (dihomozigoti _ a1a1a2a2), 
maT TeTri marcvlebi eqnebaT. meore TaobaSi 
miRebuli Seferili marcvlebi gansxvavdeba 
erTmaneTisagan. rac metia dominanturi gene-
bi genotipSi, miT ufro muqia marcvali. var-
disfermarcvlians erTi dominanti geni aqvs, 
muqwiTelas ki – oTxi. genotipuri klasebi 
iZleva Semdeg rigs: 1+4+6+4+1=16 (sur. 7.10). 
amrigad, marcvlis Seferilobis xarisxi do
minanturi alelebis ricxvzea damokidebuli. 
genotipSi dominanturi alelebis dagroveba 
aZlierebs efeqts, amitomac urTierTqmedebis 
am formas kumulaciuri polimeria ewodeba. 
igi xdeba genis arasruli dominirebis dros. 

analogiurad memkvidreobs adamianis ka-
nis Seferilobac. kanis fers pigment melaninis 
arseboba iwvevs. igi dominanturi niSania. pigmentis sinTezi 4 (zogierTi mecnieris varaudiT 5 an 
6) polimeruli araaleluri geniT realizdeba. recesiul homozigotur adamianSi melanini ar sin-
Tezdeba. isini albinosebi arian. genotipSi dominanturi alelebis didi raodenobiT kumulaciisas 
Warbad sinTezdeba pigmenti da kani muqi Seferilobisaa. genotipSi recesiuli alelebis siWarbisas 
ki pigmenti Zlier mcire raodenobiT sinTezdeba. kavkasoidur rasas da afrikis mkvidr mosaxleobas 
(negroiduli rasa) aqvT melaninis masinTezebeli dominanturi alelebi. kavkasoidebSi (evropoi-
debSi) dominanti genebis minimumi gvxvdeba. negroid da kavkasoid mSoblebs mulatebi uCndebaT, 
romelTac mSoblebTan SedarebiT Sualeduri Seferilobis kani aqvT. mulatebis STamomavlobaSi ki 
genotipSi dominanturi alelebis raodenobis kvalobaze kanis Seferiloba intensiurad variirebs 
TeTridan vidre muq Savamde.

kumulaciuri poligenebi aseve gansazRvraven adamianis niWis memkvidreobas. populaciaSi 
gvxvdeba uniWoni, saSualo niWis mqoneni da geniosebi (vunderkindebi). populaciaSi saSualo niWis 
individebi Warboben, vidre kidura wevrebi (uniWo da geniosebi). arakumulaciuri polimeriis dros 
sakmarisia genotipSi arsebobdes dominanturi genebis erTi romelime aleli, rom niSani srulad 
ganviTardes. polimeruli genebi ZiriTadad akontroleben raodenobrivi niSnebis ganviTarebas. 
polimeruli genebi gansazRvraven iseT mniSvnelovan sameurneo niSnebs, rogoricaa mcenaris simaR-
le, vegetaciuri periodis xangrZlivoba, cilebis Semcveloba TeslSi, vitaminebis Semcveloba na-
yofSi, cxovelTa zrdis tempi, masa da a.S. 

pleiotropizmi
dadgenilia, rom zogierTi geni gansazRvravs ramdenime gansxvavebuli niSnis ganviTarebas. 

aseT movlenas pleiotropizmi, xolo mravali gansxvavebuli fenotipuri efeqtis mqone gens ki ple-
iotropuli geni ewodeba. aRwerilia iseTi SemTxveva, rodesac garegani (morfologiuri) niSnis gan
msazRvreli geni imavdroulad moqmedebs cxovelmyofelobaze da letalur efeqts iwvevs. yviTeli 
rasis Tagvebis urTierTSejvarebiT miRebuli STamomavloba mudam Sedgeboda ori nawili yviTe-

sur. 7.10. marcvlis Seferilobis memkvidreoba xorbal-
Si (epistazi).
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li da erTi nawili Savi individebisagan. 
xdeboda daTiSva TanafardobiT 2:1. ga-
maanalizebeli Sejvarebisas (yviTeli 
Tagvebis najvari SavTan) daTiSva iyo 
TanafardobiT 1:1. yviTeli Tagvebi he-
terozigotulebia. am niSans dominanti 
Y geni gansazRvravs, Savs ki recesiuli 
y aleli. adgili aqvs monogenur memkvi-
dreobas. miRebuli Sedegi mendeliseuli 
klasikuri Sefardebisagan gansxvavdeba, 
daTiSva 3:1 nacvlad aris 2:1. yviTeli fe-
ris Tagvebi heterozigotulebia. maTi 
SejvarebiT miiReba genotipTa oTxi kom-
binacia: 1YY: 2Yy: 1yy. gamoirkva, rom yvi-
Teli Seferilobis homozigoturi indi-
videbi embrionuli ganviTarebis adreul 
etapze iRupebian. amrigad, Y geni gavle-
nas axdens or niSanze: gansazRvravs yvi-
Tel Seferilobas (dominanturi efeqti) 
da cxovelmyofelobas (recesiuli le-
taluri efeqti. (sur. 7.11). 

rodesac pleiotropul gens leta-
luri efeqti ar axlavs (e.i. ar moqmedebs cxovelmyofelobaze), am SemTxvevaSi daTiSva aris Tana-
fardobiT 3:1 da mendelis monogenuri sqemidan imiT gansxvavdeba, rom mSoblebs erTis nacvlad am 
geniT gansazRvruli ori da meti sapirispiro niSani aqvT. mcenare wyalikrefiaSi dominanti pleio-
tropi geni iwvevs yvavilis wiTel Seferilobas, foTlis zedapiris antocianiT Sefervas, Teslis 
masiurobas, Teslis kanis gamWvirvalobas da endospermis muq Seferilobas. 

adamianSi pleiotropuli moqmedeba axasiaTebs, magaliTad, marfanis sindromis gamomwvev mu-
tantur dominant gens. igi gavlenas axdens ConCxis ganviTarebaze (tanmaRloba, grZeli wvrili ki-
durebi, deformirebuli gul-mkerdi, sqoliozi, kifosqoliozi, araqnodaqtilia), iwvevs agreTve 
Tvalis brolis defeqtur ganviTarebas da gul-sisxlZarRvTa sistemis anomalias (aortis gaganie-
reba, gulis manki). 

7.3 memkvidrulobis qromosomuli Teoria 
jer kidev XIX saukunis bolos Camoyalibda mosazreba, rom memkvidreoba birTvTan, kerZod, 

qromosomebTanaa dakavSirebuli. am Sexedulebis ganviTarebaSi didi wvlili miuZRvis germanel 
mecniers avgust vaismans. man ivarauda, rom qromosomebSi moTavsebulia gansakuTrebuli struqtu-
rebi, romlebic gavlenas axdens organizmis nawilebis ganviTarebaze. rogorc ukve aRvniSneT, 1902-
1903 ww. u. setonma da t. boverim Camoayalibes memkvidreobis qromosomuli hipoTeza. 

memkvidrulobis qromosomuli Teoriis ZiriTadi debulebebi XX s. dasawyisSi mecnierulad 
daamuSaves da eqsperimentulad daasabuTes amerikelma genetikosma tomas hant morganma2 da misma 
TanamSromlebma. am Teoriis mixedviT, memkvidreobis materialur safuZvels qromosomebi warmoad-
gens, romlebSic xazobrivadaa ganlagebuli memkvidreobis elementaruli diskretuli erTeulebi 
– genebi. memkvidrulobis qromosomuli Teoria Tanamedrove biologiis safuZvelTa safuZvelia. 

2 tomas hant morgani (1866-1945) daibada leqsingtonSi (kentuki, aSS). igi TanatolTa Soris didi niWierebiT 
gamoirCeoda. 1886w. daamTavra kentukis universiteti da bakalavris xarisxi mieniWa. 1888 w. morganma muSa-
oba daiwyo baltimoris universitetSi eqsperimontuli zoologiis kaTedraze, embriologiis mimarTule-
biT. mas 1890 w. mieniWa doqtoris xarisxi. morgani 1904-1928 ww. kolumbiis universitetis (niu-iorki) profe-
soria. 1908 wlidan igi sayovelTaod cnobil genetikur gamokvlevebs atarebs drozofilaze. t. morganma da 
misma mowafeebma k. brijesma, h. melerma da a. stertevantma daadgines memkvidreobis qromosomuli Teori-
is ZiriTadi kanonzonierebani. 1927-1931 ww. morgani airCies amerikis mecnierebaTa akademiis prezidentad. 
1933 w. morgans memkvidreobaSi qromosomebis rolis dadgenisaTvis nobelis premia mieniWa. 

sur. 7.11. balnis Seferilobis memkvidreoba TagvebSi (pleoi-
tropia).
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sqesis gansazRvris qromoso-
muli meqanizmi

XX s. dasawyisSi citogenetikuri 
gamokvlevebiT dadginda qromosomebis 
roli sqesis gansazRvraSi, ris safuZvel-
zec Camoyalibda sqesis gansazRvris 
qromosomuli Teoria. sqesis genetikis 
Semdgomma gamokvlevebma udidesi roli 
Seasrula memkvidreobis qromosomuli 
Teoriis dasabuTebaSi. am Sedegebs didi 
praqtikuli mniSvneloba aqvs soflis 
meurneobisa da medicinisaTvis. 

sqesi aris organizmis morfolo-
giur da fiziologiur niSan-TvisebaTa 
erToblioba, romelic uzrunvelyofs 
mis mier axal TaobaTa warmoqmnas da 
gametebis meSveobiT memkvidruli 
informaciis gadacemas. sqess udide-
si biologiuri mniSvneloba aqvs. igi 
uzrunvelyofs memkvidruli informa-
ciis gacvlas.

calsqesian cxovelebsa da or-
saxlian mcenareebSi sqesis qromosomu-
li gansazRvra ganayofierebisas xdeba. 
sqesis gansazRvras safuZvlad udevs 
qromosomuli meqanizmi. sqesis ganviTa-
reba zigotis genetikur struqturazea 
damokidebuli. mdedri da mamri indivi-
debi daaxloebiT Tanabari raodenobiT 
Cndebian (Tanafardoba aris daaxloe-
biT 1:1). sqesi iseve memkvidreobs, rogorc sxva mendeliseuli niSan-Tviseba. gamoyofen sqesis gan-
sazRvris 4 ZiriTad tips.

I tipi (XX_XY). am tipisTvis damaxasiaTebelia mamrobiTi sqesis heterogametuloba da mde-
drobiTi sqesis homogameturoba. am tipSi aris gaerTianebuli xilis buzi drozofila. ganvixiloT 
sqesis gansazRvris qromosomuli meqanizmi drozofilas magaliTze. mdedri da mamri drozofilas 
diploidur qromosomul kompleqts Tu SevadarebT, oTxi wyvili qromosomidan sami homologiuri 
wyvili erTnairi aqvT, xolo erTi wyvilis wevrebi ki morfologiurad gansxvavebulia (heteromor-
fulia). 

qromosomebs, romlebic mdedrsa da mamrSi erTnairia, autosomebi (A) ewodeba. qromosomaTa 
gansxvavebul wyvils ki - sasqeso qromosomebi. sasqeso qromosomebs, romlebic rogorc mdedro-
biT, ise mamrobiT individSi gvxvdeba, X-iT aRniSnaven. im sasqeso qromosomas ki, romelic mxolod 
erT-erTi sqesis individSia _ Y-iT. mdedr drozofilas aqvs ori erTnairi akrocentruli X-sasqe-
so qromosoma, mamrs erTi X, meore ki submetacentruli Y-sasqeso qromosoma. Tu somatur ujredSi 
drozofilas aqvs qromosomuli nakrebi 6A+XX, igi mdedria, xolo 6A+XY -is SemTxvevaSi – mamri. 
bunebrivia, mdedrSi erTi (3A+X) saxis gametebi yalibdeba (sur. 7.12). im sqess, romlis individebi 
Seicaven erTnair sasqeso qromosomebs da iZlevian erTi tipis gametebs, homogameturi ewodeba. 
mamr drozofilaSi yalibdeba Tanabari raodenobiT ori saxis (3A+X) da (3A+Y) gametebi. im sqess, 
romelsac aqvs gansxvavebuli sasqeso qromosomebi da ori tipis gametebi uyalibdeba, hetero-
gameturs uwodeben.

ganayofiereba SemTxveviTi xasiaTisaa, Tanabari albaTobaa, rom kvercxujredi ganayofierdes 
orive saxis spermatozoidiT. Tu kvercxujreds Seerwya X qromosomiani spermatozoidi, miiReba 
6A+XX qromosomebis mqone zigota. misgan mdedri individi ganviTardeba. Y qromosomiani sperma
tozoidiT ganayofierebisas ki zigotaSi aRmoCndeba 6A+XY qromosomebi, saidanac mamri viTardeba. 
amrigad, sqesis gansazRvra xdeba ganayofierebis procesSi da damokidebulia zigotis qromosomul 
kompleqtze. sqesTa Tanafardoba aris 1:1. 

analogiurad xdeba sqesis gansazRvra adamianSi: qali homogameturia, aqvs 44A+XX qromosoma, 
mamakaci ki heterogameturia _ 44Α+XY; yvela kvercxujredi erTnairia da aqvs 22A+X qromosoma, 
mamakacSi ori saxis spermatozoidi yalibdeba _ 22A+X da 22A+Y. Tu kvercxujreds gaanayofierebs 
X qromosomiani spermatozoidi, Caisaxeba qali, xolo Y qromosomian spermatozoidTan Serwymis 

sur. 7.12. sqesis qromosomuli gansazRvra drozofilaSi.
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SemTxvevaSi _ vaJi. 
sqesis gansazRvris I tipi 

farTodaa gavrcelebuli. 
cxovelTagan igi aReniSne-
baT umaRles ZuZumwovrebs, 
mraval Tevzs, mwerebidan or
frTianebs, moluskebs, ka-
neklianebs, aRwerilia mra-
val orsaxlian mcenareSi (mag., 
sastvena, kanafi, elodea, mJauna 
da sxv.). 

II tipi (XX_X0). pirveli 
tipis msgavsad, mdedri homoga-
meturia, aqvs XX sasqeso qro-
mosomebi, mamrebi ki heteroga-
meturni arian. magram pirveli 
tipisagan gansxvavebiT, mamrs 
oris nacvlad erTi sasqeso X 
qromosoma aqvs. am tipis war-
momadgenlebs Y qromosoma ar 
gaaCniaT da aRniSnaven X0 (0 _ 
simbolos ararsebuli Y sasqe-
so qromosomis aRsaniSnavad 
iyeneben). mamrSi yalibdeba ori 
tipis gametebi: X qromosomia-
ni da mxolod autosomebiani 
(ar gaaCniaT sasqeso qromoso-
ma). kvercxujredebi ki yvela 
erTgvarovania, maT X qromoso-
ma aqvT. X qromosomiani sper-
matozoidiT kvercxujredebis 
ganayofierebisas zigotidan 
mdedri viTardeba, xolo mxo-
lod autosomebis Semcveli 
spermatozoidiT ganayofie-
rebisas – mamri. bunebrivia, 
mdedrebs qromosomaTa luwi 

ricxvi aqvT, mamrebs ki _ kenti. am tips miekuTvnebian nematodebi, kaliebi, kutkaliebi, tarakanebi, 
nemsiylapiebi, zogierTi wylis baRlinjo, xoWoebi, kibosnairebi, ZuZumwovrebidan – kenguru da sxv.

III tipi (XY_XX). mdedri heterogameturi, mamri ki homogameturi sqesisaa. mdedrs aqvs XY sasqe-
so qromosomebi. masSi Tanabari raodenobiT ori saxis X an Y qromosomis mqone kvercxujredebi ya-
libdeba. mamrs aqvs XX sasqeso qromosoma da maT erTi saxis (X qromosomiani) spermatozoidebi aqvT. 
sqesis amgvari tipi aRwerilia zogierT frinvelSi (qaTami, indauri da sxv.), reptiliebSi (gvelge-
slebi), zogierT amfibiaSi, Tevzebsa da peplebSi, gvxvdeba orsaxlian yvavilovan mcenareebSic (mag., 
marwyvSi _ Flagaria orientalis). 

IV tipi (X0_XX). am tipSi gaerTianebuli individebisaTvis niSandoblivia mdedrobiTi sqe-
sis heterogameturoba, magram mesame tipisagan gansxvavebiT mdedrs oris nacvlad erTi sasqeso X 
qromosoma aqvs. ar aqvs Y sasqeso qromosoma (gamoxataven X0-iT), mamri individi homogameturia, aqvs 
XX sasqeso qromosomebi. meoTxe tips miekuTvneba zogierTi mweri (CrCili, sworfrTianebi da sxv.). 

zemoT ganxiluli tipebisagan gansxvavebiT, arsebobs sqesis gansazRvris kidev erTi meqanizmi 
e. w. haplo-diploidia, rodesac sqesi ganisazRvreba ara calkeuli qromosomebiT, aramed qromo-
somebis kompleqtiT. kerZod, futkarSi ganayofierebuli kvercxujredidan mdedri (deda da muSa) 
individebi viTardebian. maT aqvT qromosomaTa diploiduri kompleqti (2n=32). gaunayofierebeli 
kvercxujredidan (2n=16) parTenogenezis gziT mamrebi iCekebian. analogiurad xdeba sqesis gan-
sazRvra sxva sifrifanafrTianebSi (WianWvelebi, krazanebi, mxedrebi da sxv.) (sur.7.13).

labiluri sistemaa sqesis fenotipuri anu modifikaciuri gansazRvra. am SemTxvevaSi mde-
drsa da mamrs erTnairi qromosomuli kompleqti aReniSnebaT. sqesis gansazRvra mimdinareobs gana-
yofierebis Semdeg. zigotidan mdedri an mamri individebis ganviTareba garemo faqtorebis zemoq
medebiT xdeba. igi gamovlenilia zogierT qvewarmavalSi (niangi, aligatori, ku da sxv). magaliTad, 

sur. 7.13. sqesis qromosomuli gansazRvris ZiriTadi tipebi. 



131.

genetikis safuZvlebi

aligatorSi kvercxebis dabal tempera-
turaze (<310C) inkubaciisas mamrebi, ma-
Ralze (>320C) ki _ mdedrebi yalibdeba. 

7.3.1 sqesTan SeWiduloba 
morganma da misma TanamSromlebma 

drozofilaSi aRmoaCines da Seiswavles 
iseTi niSnebi, romelTa memkvidreobac 
gansxvavdeboda mendelis klasikuri sqe-
misagan. wiTelTvala mdedri drozofi-
las TeTrTvala mamrTan Sejvarebisas 
pirvel TaobaSi orive sqesis individi wi-
TelTvala aRmoCnda. aqedan naTelia, rom 
Tvalis wiTeli Seferiloba dominanturi 
niSania, TeTri ki - recesiuli. F2-Si da-
TiSva iyo TanafardobiT: 3 wiTelTvala: 
1 TeTrTvala. uCveulo is iyo, rom meore 
TaobaSi TeTrTvala drozofilebi mxo-
lod mamrebi aRmoCnda.

morganma Caatara reciproku-
li Sejvareba. or Sejvarebas, romle-
bic erTmaneTisagan gansxvavdeba imiT, 
Tu romeli sqesis mSobels (mdedrs Tu 
mamrs) Seaqvs zigotaSi genis dominanti 
an recesiuli aleli, reciprokuli ewo-
deba. Sejvarebidan erT-erTs pirobiTad 
pirdapiri ewodeba, meores ki - Sebrune-
buli (Seqcevadi). Sebrunebuli Sejva-
rebisas morganma TeTrTvala mdedri da 
wiTelTvala mamri drozofila Seajva-
ra. pirvel TaobaSi yvela hibriduli 
mamri aRmoCnda TeTrTvala, mdedri ki 
– wiTelTvala. daTiSva iyo Tanafardo-
biT 1:1. am saxis memkvidreobas morganma 
,,kris-krosi” anu jvaredini memkvidreoba uwoda. pirvel TaobaSi xdeboda mendelis pirveli kano-
nidan gamomdinare mosalodneli Sedegidan mkveTri gadaxra. mamrebi iRebdnen niSans dedisagan, 
xolo mdedrebi - mamisagan. meore TaobaSi Tanabari raodenobiT miiReboda wiTelTvala mdedrebi 
da mamrebi, aseve TeTrTvala mdedrebi da mamrebi. 

Sejvarebis am variantSi ar vlindeboda pirveli Taobis hibridTa erTgvarovnebis kanoni, xolo 
meore TaobaSi daTiSva klasikuri monohibriduli daTiSvisagan gansxvavdeboda – 3:1-is nacvlad iyo 
1:1. reciprokuli Sejvareba gansxvavebul Sedegs iZleva. miRebuli Sedegebi TiTqos ewinaaRmdegeba 
mendelis mier dadgenil klasikur kanonzomierebebs. magram am Sedegis axsna mxolod mendelizmze 
dayrdnobiT gaxda SesaZlebeli. 

morganma drozofilaSi sasqeso qromosomebis mSoblebidan SvilebSi gadacemis kanonzo-
mierebebi Seupirispira miRebul Sedegs da ivarauda, rom Tvalis wiTeli da TeTri Seferilobis 
ganmsazRvreli genis alelebi sasqeso X qromosomaSia lokalizebuli, Y qromosoma ar Seicavs Tva-
lis Seferilobis ganmsazRvrel gens. aseTi axsna savsebiT Seesabameba miRebul Sedegs da memkvi-
dreobis am formas sqesTan SeWiduli niSnebis memkvidreoba uwodes. Tvalis TeTri Seferilobis 
ganmsazRvreli genis recesiul alels aRniSnaven W-Ti, xolo mis dominantur alels, romelic 
Tvalis wiTel Seferilobas iwvevs _ W+ -iT. wiTelTvaliani mdedris orive X qromosomaSi loka-
lizebulia genis dominanturi aleli. igi homozigoturia. TeTrTvala mamris X qromosomaSi lo-
kalizebulia genis recesiuli aleli, xolo Y qromosomaSi igi araa. mamri Tvalis Seferilobis 
ganmsazRvreli genis mxolod erT alels – erT dozas Seicavs. iseT mdgomareobas, rodesac wyvili 
alelidan geni mxolod erTi aleliTaa warmodgenili, hemizigoturi ewodeba; organizms amgvari ge-
notipiT ki _ hemizigota.

homozigoturi wiTelTvala mdedri mSobliuri forma X qromosomas, masSi lokalizebuli do-
minanturi geniTurT, gadascems mamr STamomavlebs. es ukanaskneli ki TeTrTvala mamri mSoblisagan 
Y qromosomas iRebs, romelSic aRniSnuli geni araa, amitomac mamrebi wiTelTvala arian. pirveli 
Taobis mdedrebi erT X qromosomas, romelSic TeTrTvalianobis ganmsazRvreli genia lokalize-

sur. 7.14. sqesTan SeWiduli niSnis memkvidreoba drozofila-
Si (pirdapiri Sejvareba). mSoblebi: mdedri wiTelTvaliani, 
mamri TeTrTvaliani.
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buli, iZenen mamri mSoblisagan, xolo 
meore X qromosomas, romelSic Tvalis 
wiTeli Seferilobis ganmsazRvreli 
alelia – mdedrisagan. Tvalis wiTeli Se-
ferilobis dominirebis gamo mdedrebsac 
wiTeli feris Tvali eqnebaT. pirveli Ta-
obis heterozigotur mdedrSi ori saxis 
gameta yalibdeba. aseve, mamrSi, hetero
gameturobis gamo, ori saxis gamete-
bi warmoiqmneba. gametebis SemTxveviTi 
kombinirebis gamo meore TaobaSi indi-
videbis 3 nawils aqvs dominanturi genis 
Semcveli X qromosoma. maT wiTeli Tva-
lebi eqnebaT. individebis (mamrebis) erT 
nawils ki recesiuli genis mqone X qromo-
soma da, bunebrivia, TeTri Tvalebi eqne-
baT. amrigad, yvela mdedri drozofila 
wiTelTvala, mamrebis erTi nawili (50%) 
_ wiTelTvala, meore nawili ki – Te-
TrTvala iqneba (sur. 7.14). 

reciprokuli Sejvarebis Se-
brunebul variantSi sruliad sxva Se-
degi miiReba. wiTelTvala mamri mSo-
blisagan pirveli Taobis mdedri 
drozofilebi (STamomavlebi) SeiZenen 
X qromosomas, romelSic wiTeli Se-
ferilobis ganmsazRvreli dominanti 
alelia lokalizebuli, meore X qromo-
somas ki recesiuli geniTurT isini Te-
TrTvala mdedri mSoblisagan miiReben. 
mdedri Svilebi heterozigotebia, maT 
wiTeli Tvalebi aqvT. mamri Svilebi Te-
TrTvalianebia, vinaidan X qromosomas, 
TeTrTvalianobis ganmsazRvreli geniT, 
mdedri mSoblisagan, meore sasqeso Y 
qromosomas ki – mamri mSoblisagan iZe-

nen. mamrSi recesiuli W geni hemizigotur mdgomareobaSia da igi vlindeba. amrigad, pirveli Ta-
obis hibriduli STamomavlobis yvela mdedri wiTelTvalaa, mamri ki – TeTrTvala. xorcieldeba 
e. w. ,,jvaredini” (kris-kros) memkvidreoba. dedis niSani gadaecema mamr, mamisa ki – mdedr Svilebs. 
pirveli Taobis mdedr drozofilaSi heterozigotulobis gamo ori saxis W+ da W alelebis mqo-
ne gametebi yalibdeba. mamrSic, heterogametulobis gamo, aseve ori saxis gametebi warmoi-qmneba. 
spermatozoidebis naxevari recesiul W alelis Semcveli X qromosomis mqonea, meore naxevari – Y 
qromosomisa. gametebi Tanabari albaTobiT erwymian erTmaneTs da meore TaobaSi genotipTa oTxi 
kategoria miiReba (sur. 7.15). sqemidan Cans, rom mdedrebi or Tanabar jgufad iyofa: wiTel da Te-
TrTvala drozofilebad. mamrebic Tanabari raodenobiT, ori fenotipuri jgufiTaa warmodgeni
li: wiTel- da TeTrTvala. amrigad, TiToeul jgufSi daTiSva aris TanafardobiT 1:1. 

morganis Teoriuli varaudi savsebiT Seesabameba miRebul Sedegs. es varaudi Semdgom sxva eq-
sperimentiTac dadasturda. amrigad, morganma da misma TanamSromlebma eqsperimentulad daasabu-
Tes, rom geni qromosomaSia lokalizebuli, riTac myari argumenti iqna mopovebuli memkvidrulo-
bis qromosomuli Teoriis dasadastureblad. 

sqesTanaa SeWiduli yvela is niSani, romlis ganmsazRvreli geni X sasqeso qromosomaSia loka-
lizebuli. gamovlenilia Y qromosomaSi lokalizebuli genebic. isini mamidan mamr Svilebs gadae-
cema. amgvar memkvidreobas holandruls uwodeben. 

adamianis Y qromosomis mokle mxarSi lokalizebulia specifikuri SRY (Y qromosomis sqesis 
ganmsazRvreli ubani, igivea rac TDF) geni. igi mamrobiTi sqesis Camoyalibebas gansazRvravs. SRY 
geni Seicavs 35000 n.w. da holandrulad memkvidreobs. SRY genis produqti iwvevs sqesis ganmsazR-
vreli danarCeni genebis eqspresias da Canasaxis mamrobiTi tipis mimarTulebiT ganviTarebas.

mecnierTa varaudi, rom X da Y qromosomebi monawileoben sqesis gansazRvraSi, morganma da mi-
sma TanamSromlebma zemoT aRwerili cdebiT eqsperimentulad daasabuTes. maT Camoayalibes sqesis 

sur. 7.15. sqesTan SeWiduli niSnis memkvidreoba drozofila-
Si (Sebrunebuli Sejvareba). mSoblebi: mdedri TeTrTvaliani, 
mamri wiTelTvaliani.
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gansazRvris qromosomuli Teoria. 
sqesis gavlena genis eqspresiaze (gamovlenaze). sqesi gavlenas axdens zogierTi genis eqspresiaze. 
niSnis Camoyalibeba mxolod erT sqesSi xdeba, meoreSi ki iTrguneba. maT sqesiT gansazRvrul niS
nebs uwodeben. es genebi lokalizebulia rogorc sasqeso, ise sxvadasxva autosomur qromosomebSi. 
maT orive sqesis warmomadgenlebi erTnairad gadascemen rogorc mdedr, ise mamr Svilebs. sqesiT gan-
sazRvruli niSnebis memkvidreoba mendelis mier dadgenili kanonzomierebiT mimdinareobs. sasqeso 
hormonebis gavleniT am genebis eqspresia mxolod erT-erT sqesSi xdeba. dadgenilia orive mSoblis 
erTnairi gavlena: ZroxebSi furxboebis merZeuloba da cximianoba, tyupianoba, RorebSi – nayofiere-
ba, dedlebSi - kvercxmdebloba. 
sqesiTaa gansazRvruli yvela is niSani, romelic sqesobriv dimorfizms apirobebs, kerZod, gansxva-
veba mdedrisa da mamris sxeulis zomas, formasa da SeferilobaSi, zogierT mamr ZuZumwovarSi rqe-
bis arseboba (mag., iremi), mamalSi bibilo, Fdezebi da sxv. adamianSi meoreuli sasqeso niSnebia sxeulis 
konstituciuri Taviseburebebi, ConCxis (menjis forma da sxv.), muskulaturis, Tmis safarvelis (wve-
ri, ulvaSi), xmis aparatis da sxva niSnebis ganviTareba. am niSnebis ganmsazRvreli genebi orive sqesis 
warmomadgenlebs aqvT, magram sasqeso hormonebis gavleniT mxolod Sesabamisi genis eqspresia xde-
ba. mag., qalisaTvis damaxasiaTebelia xmis maRali (soprano, alti), mamakacisaTvis ki dabali (tenori, 
baritoni, bani) registri. mamakacs maRali registris ganmsazRvreli genebic aqvs, magram mamrobiTi 
sasqeso hormonis gavleniT misi moqmedeba iTrguneba. xdeba genotipSi arsebuli mamakacisaTvis dama
xasiaTebeli Sesabamisi genis eqspresia. sapirispiro movlena SeiniSneba qalebSi. 
sasqeso hormonebi zogjer gavlenas axdenen dominirebaze. zemoT ganxiluli movlenisagan gansxva-
vebiT (sadac mxolod erT-erT sqesSi xdeboda niSnis gamovlena) niSani orive sqesSi vlindeba, magram 
dominirebaa Secvlili. aseT niSnebs sqesiT kontrolirebul niSnebs uwodeben. mag., simelote domi
nanturi niSania kacebSi da recesiulia qalebSi. heterozigotuli mamakaci melotia, qali ki _ Tmiani. 
siqaCle mxolod homozigotur qalebSi iCens Tavs. sqeszea damokidebuli rqis ganviTareba zogierTi 
jiSis cxvarSi. heterozigoturi yoCi rqiania, nerbi ki - urqo. mxolod homozigotur nerbebs uviTar-
debaT rqebi. amrigad, rqianoba dominirebs yoCebSi, xolo recesiulia nerbebSi.

7.3.2 genTa SeWiduloba da krosingoveri 
genTa SeWiduloba erTsa da imave qromosomaSi ganlagebuli gansxvavebuli genebis erToblivi 

memkvidreobis movlenaa. genTa damoukidebeli kombinireba (mendelis III kanoni) mxolod im SemTxve-
vaSi xorcieldeba, rodesac araaleluri genebi sxvadasxva homologiur qromosomebSia lokalize-
buli. Tu davuSvebT, rom es kanoni universaluria, maSin genTa da qromosomaTa raodenoba toli 
unda iyos. yvelasaTvis cnobilia, rom individebi genTa sakmaod did raodenobas Seicaven maSin, 
rodesac saxeobebs qromosomebis gacilebiT SezRuduli raodenoba aqvs. magaliTad, bolo drois 
monacemebiT, aRmoCnda, rom adamianis genoms 25000-mde struqturuli geni moepoveba, maSin rode-
sac qromosomaTa raodenoba 46-ia. aris erTgvari Seusabamoba qromosomaTa raodenobasa da genTa 
raodenobas Soris. 

genTa damoukideblad memkvidreobis garda arsebobs genebis erTad, SeWidulad memkvidreo-
bis SesaZleblobac. aRniSnuli movlena naTeli gaxda T morganisa da misi TanamSromlebis klasi-
kuri gamokvlevebis Semdeg. maT 1911-1914 ww. daadgines mravali genis mimarT erTad – SeWidulad 
memkvidreobis movlena. 

genTa SeWiduloba. dihibriduli Sejvarebis dros, rodesac mSoblebi homozigotebia: 
AABB da aabb da genebi arahomologiur qromosomebSia lokalizebuli, maTi SejvarebiT AaBb dihe-
terozigotuli individebi miiReba. pirveli Taobis hibridSi oTxi saxis: AB, Ab, aB, ab Tanabari rao-
denobis gametebi warmoiqmneba. gamaanalizebeli Sejvarebis SemTxvevaSi anu recesiul dihomozi-
gotur aabb Sejvarebisas Tanabari raodenobiT miiReba individTa oTxi fenotipuri jgufi (AaBb, 
Aabb, aaBb, aabb) TiToeuli 25%-is raodenobiT. amrigad, daTiSva xdeba TanafardobiT 1:1:1:1; mSo-
blebis msgavsi formebi (AB da ab) da axali kombinaciebi (Ab da aB) erTnairi sixSiriT warmoiqmneba, 
rac mendelis mesame kanonis moqmedebis Sedegia. 

axla ganvixiloT morganis mier Catarebuli erT-erTi Tavdapirveli klasikuri cda, romli-
Tac genTa SeWiduli memkvidreoba iqna dasabuTebuli. morganma drozofilaze Caatara dihibri-
duli Sejvareba. erT-erT mSobels hqonda grZeli frTebi da ruxi Seferilobis sxeuli, meores ki 
- Canasaxovani frTebi da Savi sxeuli. pirvel TaobaSi yvela buzs grZeli frTebi da ruxi sxeuli 
hqonda. amrigad, grZelfrTianobasa da ruxsxeulianobas genebis dominanturi alelebi gansazRvra-
ven, ucvleli darCa mendelis pirveli Taobis hibridTa erTgvarovnebis kanoni. morganma Caatara 
gamaanalizebeli Sejvareba. pirvel TaobaSi miRebuli diheterozigoturi mamrebi Seujvara Sav, 
CanasaxovanfrTian mdedrebs da miiRo mSoblebis msgavsi STamomavloba Tanabari raodenobiT: 50% 
ruxi, grZelfrTiani iyo, 50% ki Savi, CanasaxovanfrTiani. xdeba daTiSva TanafardobiT 1:1. marTa-
lia, ar Secvlila mendelis meore - daTiSvis kanoni, magram Sedegi iyo gansxvavebuli: axali kombina-
ciebi (ruxi, CanasaxovanfrTiani da Savi, grZelfrTiani) morganma ver miiRo. STamomavlobas frTis 
formisa da sxeulis Seferilobis ganmsazRvreli genebi erTad – SeWidulad gadaecemoda. 

morganma ivarauda, rom genTa erTad gadacema anu SeWiduloba gamowveuli iyo imiT, rom sxeu-
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lis Seferilobisa da frTis formis 
ganmsazRvreli genebi erTsa da imave qro-
mosomaSia lokalizebuli. man miRebuli 
Sedegi qromosomuli TeoriiT axsna da 
mogvca am movlenis Semdegi genetikuri 
postulireba (sur 7.16). 

drozofilaSi sxeulis Savi Sefe-
rilobis ganmsazRvreli aleli aRiniSne-
ba b-Ti (ingl. black), xolo misi dominan-
turi, ruxi Seferilobis aleli _ B-Ti. 
Canasaxovani frTis recesiuli geni v-Ti 
(ingl. vestigial), xolo misi dominanturi 
aleli, grZeli frTebis ganmsazRvreli 
V-Ti. ori wyvili SeWiduli niSniT gansxva
vebuli ruxi grZelfrTiani (BBVV) da 
Savi, CanasaxovanfrTiani (bbvv) individis 
SejvarebiT pirvel TaobaSi miiReba BbVv 
genotipis ruxi, grZelfrTiani buzebi. 
pirvel TaobaSi miRebuli diheterozi-
goturi mamri Seujvares Sav Canasaxo-
vanfrTian (bbvv) mdedrs. rogorc ukve 
aRvniSneT, gamaanalizebeli Sejvarebis 
Sedegad miiRes daTiSva TanafardobiT 
1:1. amgvari daTiSva miuTiTebs, rom dihe-
terozigotur individSi oTxis nacvlad 
mxolod ori tipis BV da bv Tanabari rao-
denobis gametebi warmoiqmneba, vinaidan 
frTebis formisa da sxeulis Seferilo-
bis ganmsazRvreli genebi erTsa da imave 
qromosomaSia lokalizebuli. 

genTa erTad memkvidreobas, ro-
melic maT damoukidebel kombinirebas 
zRudavs, morganma genTa SeWiduleba anu 
SeWiduli memkvidreoba uwoda. amJamad am 

movlenas morganis kanoni ewodeba. 
genTa SeWidulobis kanonis Tanaxmad, erTsa da imave qromosomaSi lokalizebuli genebi memkvi-

dreoben SeWidulad. TiToeul qromosomaSi moTavsebuli genebi qmnian SeWidul jgufebs, romlebic 
Taobidan Taobas SeWidulad gadaecema, xolo sxvadasxva jgufis genebs Tavisufali kombinirebis 
unari aqvT. yovel saxeobaSi SeWidul genTa jgufebis raodenoba qromosomaTa haploiduri ricxvis 
tolia. magaliTad, bardas aqvs 7, siminds _ 10, pomidors – 12, (sasqeso qromosomebis mqone orga-
nizmebs SeWidul genTa jgufebis raodenoba erTiT meti aqvT, kerZod, drozofilaSi SeWidul genTa 
jgufebis raodenoba 5-is tolia; sam autosomur qromosomaSi arsebul jgufs damatebuli ori: X da 
YY sasqeso qromosomaSi arsebuli).

krosingoveri. morganma Caatara reciprokuli Sejvareba. pirvel TaobaSi miRebuli dihete-
rozigoturi (BbVv) ruxi grZelfrTiani mdedri Seujvara recesiul dihomozigotur (bbvv) mamrs. 
cdis am variantSi man individebis yvela SesaZlo (oTxive) kombinacia miiRo: rogorc mSoblebis 
msgavsi (ruxi, grZelfrTiani da Savi, CanasaxovanfrTiani), ise axali (ruxi, CanasaxovanfrTiani da 
Savi, grZelfrTiani) kombinaciebi. amasTan, oTxive jgufis individebi Tanabari raodenobiT ki ar 
warmoiqmneboda, rogorc es mosalodneli iyo mendeliseuli kanonzomierebebiT, aramed daTiSvis 
procentuli Tanafardoba iyo – 41,5:41,5:8,5:8,5. mSoblismieri kombinaciebi miiReboda didi raode-
nobiT – 83% (41,5+41,5), xolo hibriduli kombinaciebi mcire raodenobiT – 17% (8,5+8,5). am SemTxve-
vaSi xdeba SeWidul genebs Soris kavSiris gawyveta, ris gamoc SeWiduloba arasruli xasiaTisaa. 

morganma wamoayena hipoTeza, romlis mixedviTac meiozSi homologiuri qromosomebis konu-
gaciisas SesaZlebelia im identuri ubnebis gacvla, romelSic frTis formisa da sxeulis feris 
ganmsazRvreli genebia moTavsebuli. homologiur qromosomebs Soris identuri ubnebis (masSi lo-
kalizebuli genebiTurT) gacvlas gadajvaredineba anu krosingoveri (ingl., crossing-over) ewodeba. 
zemoT aRniSnulis safuZvelze morganma mogvca krosingoveris genetikuri postulireba (sur. 7.17). 

diheterozigot (BbVv) mdedrebSi araTanabari raodenobiT warmoiqmneba oTxi tipis gametebi: 
krosingoveris movleniT aixsneba is faqti, rom bV da bV mcire, xolo BV da bv genebis mqone gametebi 

sur. 7.16. SeWiduli niSnebis mekvidreoba drozofilaSi (sru-
li SeWiduloba)
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gacilebiT meti raodenobiT warmoiqmne-
ba; mamrSi ki mxolod erTi tipis (bv ge-
nebis mqone) gametebi yalibdeba, radgan 
mamr drozofilaSi krosingoveri ar xde-
ba. ganayofierebis Sedegad warmoqmnili 
zigotebidan oTxi fenotipuri jgufi 
viTardeba, romelTagan 83% mSoblismie-
ri, 17% ki hibriduli kombinaciebia. vi-
naidan es ukanaskneli jgufi krosingove-
ris Sedegadaa warmoqmnili, morganma mas 
krosoverebi uwoda. amrigad, genTa So-
ris SeWidulobis gawyveta zogierT ho
mologiur qromosomaTa Soris mimdinare 
krosingoveris Sedegia. mSoblebis msgavs 
kombinaciebs arakrosoverebs uwodeben. 

organizmebSi sruli SeWiduloba 
iSviaTad gvxvdeba. gamoirkva, rom sqesi 
zogierTi saxeobis individSi garkveu-
lad moqmedebs krosingoverze, rogorc 
es gvqonda mamri drozofilas SemTxve-
vaSi. aq krosingoveri saerTod ar xdeba; 
amitom amboben, rom SeWiduloba srulia. 
mdedr drozofilaSi krosingoveri xde-
ba, ris gamoc SeWiduloba masSi arasru
lia. ori an meti geni SeWidulia, Tu STa-
momavlobaSi genTa axali kombinaciebi 
(rekombinantebi) naklebi raodenobiT 
gvxvdeba mSoblebis msgavs fenotipebTan 
SedarebiT. homologiur qromosomebs 
Soris regularulad mimdinareobs ale
lur genTa Soris ubnebis gacvla. homo-
logiur qromosomebSi moTavsebuli ge
nebi erTi meores ereva. krosingoveri 
da genTa SeWiduloba zogadgenetikuri 
movlenaa. igi damaxasiaTebelia mikro-
organizmebisaTvis, sokoebisTvis; far-
Tod aris gavrcelebuli mcenareebsa da 
cxovelebSi, maT Soris, adamianSic. kro-
singoveri uzrunvelyofs genTa rekom-
binacias da mniSvnelovnad zrdis kombi-
naciuri cvalebadobis rols evoluciis 
procesSi. 

qromosomaSi genTa xazobrivad ganlageba. erTsa da imave SeWidul genebs Soris kro-
singoveri erTnairi sixSiriT xdeba, xolo sxvadasxva SeWidul genebs Soris igi gansxvavebulia. misi 
sixSire genTa Soris SefardebiT manZils gamoxatavs. qromosomaSi axlomdebare genebs Soris ubnebis 

gacvla gaZnelebulia, xolo Sors mdeba
reTa Soris didi sixSiriT mimdinareobs. 
amrigad, krosingoveris procenti genTa 
SeWidulobis dones gamoxatavs. ramde
nadac mcirea krosingoveris procenti, 
miT ufro Zlieradaa SeWiduli genebi. 
genTa Soris SeWidulobis Zala maT Soris 
manZilis ukuproporciulia. genTaSoris 
manZilis erTeulad morganis pativsa-
cemad santimorganidia (cM) miRebuli. 
krosingoveris 1% udris 1cM-s. 

morganma da misma TanamSromlebma 
gadaWres qromosomaSi genebis sivrcobrivad ganlagebis sakiTxic. kerZod, a. stertevantma daad-
gina memkvidreobis aditiurobis - qromosomaSi genTa xazobrivad ganlagebis - kanoni. davuSvaT, 

sur. 7.17. SeWiduli niSnebis mekvidreoba drozofilaSi (aras-
ruli SeWiduloba)

sur. 7.18 qromosomaSi genTa xazobrivad ganlagebis sqema.
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rom A,B da C genebi miekuTvneba SeWidul genTa erT jgufs. gamoirkva, rom manZili A da C genebs 
Soris uaxlovdeba AB+BC an AB-BC, maSasadame, xdeba genTa Soris manZilis Sekreba an gamokleba, rac 
qromosomaSi genTa sworxazovnad ganlagebis Sedegia. davuSvaT, rom manZili A da B genebs Soris 10 
cM-ia, xolo B da C genebs Soris - 5 cM. maSin B da C genebs Soris manZili 15 an 5 cM iqneba. pirvel 
SemTxvevaSi genebi ganlagebuli iqneba A, B, C, meore SemTxvevaSi ki A, C, B TanmimdevrobiT (sur. 
7.18). imaze dayrdnobiT, rom krosingoveris sixSiris mixedviT SesaZlebelia vimsjeloT genTa So-
ris manZilze, aditiurobis kanonis safuZvelze dadgenilia genTa Tanmimdevroba qromosomaSi. qro-
mosomaSi SeWidul genTa SefardebiTi ganlagebis sqemas qromosomebis genetikur rukas uwodeben. 
igi asaxavs qromosomaSi genTa xazobrivi ganlagebis kanonzomierebas. genis lokalizaciis adgils 
rukaze lokusi ewodeba. lokusi Semoklebuli saxelwodebiT aRiniSneba rukaze (rukebi Sedgeni
lia genetikurad kargad Seswavlil obieqtebSi, rogoricaa: drozofila, simindi, pomidori, barda, 
Tagvi, neirospora, safuari, nawlavis Cxiri da sxv.) adamianSi gamovlenilia yvela SeWidul genTa 
jgufi _ 22 autosomuri da 2 sqesTan SeWiduli (X da Y qromosomaSi arsebuli), ris safuZvelzec 
agebulia genetikuri ruka. 

memkvvidreobiTobis qromosomuli Teoriis ZiriTadi debulebebi: genetikis ganviTareba-
Si ganuzomlad didia morganisa da misi TanamSromlebis damsaxureba. maT mier dadgenil iqna sqe-
sTan SeWiduli niSnebis memkvidreobisa da genTa SeWidulad memkvidreobis kanonebi. morganis mier 
dadgenili kanonzomierebebi damtkicda da gaRrmavda mraval obieqtze Catarebuli gamokvlevebiT, 
romlebic ganazogades da memkvidrulobis qromosomuli Teoria ewodeba. misi principebia: 

1. geni moTavsebulia qromosomis garkveul ubanSi-lokusSi. genebi qromosomaSi xazobrivadaa 
ganlagebuli. 

2. erT qromosomaSi lokalizebuli genebi qmnis SeWidul genTa jgufs, romlebic STamomavlo-
bas erToblivad gadaecema. niSnebi, romlebsac SeWiduli genebi gansazRvravs, aseve erToblivad 
(SeWidulad) memkvidreobs. 

3. SeWidul genTa jgufebis raodenoba qromosomaTa haploiduri ricxvis tolia. 
4. homologiur qromosomaTa Soris SesaZloa ubnebis gacvla – krosingoveri, ris Sedegadac 

SeWidul genebs Soris rekombinacia xdeba. 
5. qromosomaSi genTa Soris manZili maT Soris krosingoveris procentis proporciulia. 

citoplazmuri memkvidreoba 
memkvidreobaSi wamyvan rols birTvi, kerZod, masSi moTavsebuli qromosomebi asrulebs, ra-

sac efuZneba memkvidreobis qromosomuli Teoria. genetikis ganviTarebis adreul periodSi dagro-
vda faqtebi, romlebic miuTiTebda, rom memkvidreobaSi monawileobs, aseve, citoplazmis zogierTi 
struqturac. memkvidreobis am formas citoplazmuri memkvidreobiToba ewodeba.

dnm-s Seicaven plastidebi da mitoqondriebi, romelTac autoreproduqciis unari aqvs. isini 
mniSvnelovan rols asrulebs ujredis metabolizmSi, aqvT memkvidruli informaciis STamomavlo-
biT gadacemis unari. citoplazmis es struqturebi apirobeben citoplazmur memkvidreobas. memkvi-
dreobis am formis gamovlenas akontrolebs birTvSi arsebuli genetikuri aparati. 

citoplazmuri, kerZod, plastiduri memkvidreoba pirvelad aRmoaCines da Seiswavles yvavi-
lovan mcenareebSi. kerZod, k. korensma (1908) gulisabaSi, xolo e. baierma (1909) _ devispiraSi. maT 
erTmaneTisagan damoukideblad gaanalizes WrelfoTlianobis memkvidruloba da daadgines, rom 
niSani dedis meSveobiT gadaecemoda STamomavlobas. WrelfoTliani mcenaris yvavilebis mwvane-
foTliani mcenaris mtvriT ganayofierebisas miiReboda WrelfoTliani hibridebi, reciprokuli 
Sejvarebisas ki - ara. qloroplastSi 40 mkm zomis dnm-is rgoluri molekulaa moTavsebuli. rgolur 
dnm-Si lokalizebuli citoplazmuri genebidan zogierTi akontrolebs qlorofilis sinTezs. ase-
Ti citogenis mutaciis Sedegad maTSi qlorofilis sinTezi ar xdeba. WrelfoTliani mcenaris uj-
redebSi aris rogorc normaluri (qlorofiliani), ise anomaluri (uqlorofilo) qloroplastebi. 
WrelfoTliani mcenaris kvercxujredi didi raodenobiT Seicavs citoplazmas, romelSic SeiZle-
ba iyos mxolod normaluri an anomaluri, an orive saxis qloroplastebi. spermiebi citoplazmas 
TiTqmis ar Seicavs, bunebrivia, ar Seicavs qloroplastebsac. amdenad, WrelfoTliani mamrobiTi 
gametebis gavlena WrelfoTlianobaze umniSvneloa. iSviaTad SeiniSneba plastidebis gadacema sam-
tvre miliTa da spermiebiT (mag., gerani, wyalnawyeni da sxv.). 

mitoqondriuli memkvidreoba kargadaa Seswavlili sokoebSi (safuari, neirospora da sxv.). 
mitoqondriebs aqvT 20-30 mkm zomis rgoluri dnm-s molekulebi. maTSi lokalizebuli citogenebi 
akontroleben sunTqviT process da antibiotikebisadmi mdgradobas. adamianis mitoqondria Seica-
vs 37 gens. sokoebisagan gansxvavebiT ZuZumwovrebsa da adamianis spermatozoidSi arsebuli mito-
qondriebi zigotaSi ver xvdeba (an eliminirdeba). Canasaxs ZiriTadad dedisgan miRebuli mitoqon-
driebi aqvs. leberis (mxedvelobis nervis atrofiiT gamowveuli sibrmave) da kerns-sairis sindromi 
(axasiaTebs progresirebadi kunTuri sisuste, kardiomiopaTia, diabeti) mitoqondriaSi lokalize-
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buli citogenebis mutaciis Sedegad viTardeba. 
yvavilovan mcenareebSi gvxvdeba mamrobiTi steriloba. igi aRwerilia mraval kulturul (si-

mindi, mzesumzira, seli, xaxvi da sxv.) mcenareSi. steriloba gamowveulia mtvris marcvlis uqonlo-
biT an maTi ganayofierebis uunarobiT. gamovlenilia mamrobiTi sterilobis iseTi forma, romelic 
citoplazmiTaa determinirebuli da dedis meSveobiT gadaecema STamomavlobas. simindSi mas cito-
plazmaSi myofi plazmidas tipis dnm-is molekulebi iwvevs. 

7.4 cvalebadobis kanonzomierebebi
cvalebadoba cocxali sistemis zogadi Tvisebaa. igi Tan axlavs gamravlebas, ris Semdegac 

organizmebi gansxvavebuli formebiT - variantebiT arseboben. igi memkvidreobiTobis sapirispiro 
movlenaa da organizmTa nairgvarobaSi vlindeba. cvalebadobas nairgvari mizezi udevs safuZvlad. 
fenotipis cvlilebas iwvevs gansxvavebuli genotipebis warmoqmna, aseve erTnairi genotipis mqo-
ne individebis gansxvavebul garemoSi ganviTareba. gamoyofen cvalebadobis or ZiriTad formas: 
aramemkvidruls (fenotipurs) da memkvidruls (genotipurs). genetikuri masalis cvlilebiT 
gamowveul cvalebadobas memkvidruls uwodeben, xolo genotipis Seucvlelad garemo pirobebze 
organizmis reagirebiT gamowveul fenotipur cvlilebebs – aramemkvidruls. 

7.4.1 aramemkvidruli cvalebadoba
aramemkvidruli cvalebadobis dros individis genotipi ucvlelia, icvleba mxolod fenoti-

pi. aseTi saxis cvlileba STamomavlobas ar gadaecema. organizmis individuri ganviTarebis proces-
Si vxvdebiT morfologiur, fiziologiur, bioqimiur da organizmis sxva TaviseburebaTa kanonzo-
mier cvlilebebs. amgvari cvlilebebis dro da Tanmimdevroba ontogenezSi genotipiT mkacradaa 
gansazRvruli. cvalebadobis am formas asakobrivs anu ontogenezurs uwodeben. cvalebadobis 
es forma TvalnaTliv vlindeba metamorfozuli ganviTarebis cxovelTa (zogierTi mweri, ukudo 
amfibiebi da sxv.) sasicocxlo ciklSi. ase magaliTad, bayayis qviriTidan iCekeba Tavkombala, ro-
melic TandaTanobiT zrdasrul formad yalibdeba. (sur. 3.12). fenotipis cvlilebis miuxedavad, 
bayayis genotipi ucvlelia. adamianSi permanentulad mimdinareobs fizikuri da gonebrivi ganviTa-
reba. asakobrivi cvlilebebis miuxedavad, individs yovelTvis erTnairi genotipi gaaCnia. amdenad, 
ontogenezuri cvalebadoba aris individualuri ganviTarebis procesSi genotipiT gansazRvruli 
niSnebis realizeba. am kriteriumiT igi aramemkvidruli cvalebadobaa. magram arsebobs monacemebi, 
romlebic miuTiTebs, rom ontogenezSi zogjer xdeba genetikuri masalis cvlileba, rac mas aaxlo-
ebs memkvidrul cvalebadobasTan. kerZod, zogierTi organizmis somatur ujredebSi genetikuri 
masalis mniSvnelovani nawili (20-80%) ikargeba. zogjer, cvalebadobis am formas calke gamoyofen, 
vinaidan igi cvalebadobis zemoT dasaxelebul orive ZiriTad formas moicavs. 

savsebiT erTnairi genotipis mqone individebi gansxvavebul garemo pirobebSi ganviTarebi-
sas, zogierT SemTxvevaSi fenotipiT gansxvavdebian. erTnairi genotipis individebze gansxvavebuli 
garemos moqmedebiT gamowveul nairgvarobas modifikaciur cvalebadobas uwodeben. igi Semdegi 
niSnebiT xasiaTdeba:1. garemo faqtoris moqmedebiT adekvaturi cvlilebis warmoqmna; 2. cvlileba 
masiuria, axal garemoSi populaciis did nawils aqvs Secvlili fenotipi; 3. cvlileba Seqcevadia, 
sawyis pirobebSi dabrunebisas individebs ubrundebaT Tavdapirveli fenotipi. 

yvela niSani da Tviseba memkvidrulad determinebulia. memkvidreobiT gadaecema ara niSne-
bi da Tvisebebi, aramed genebi (memkvidruli ,,programa”), romlebic gansazRvravs garkveuli niSan-
Tvisebis SesaZlo ganviTarebas. niSani, rom Camoyalibdes, anu genotipis fenotipuri realizacia 
moxdes, aucilebelia Sesabamisi garemo pirobebi. mcenaris mwvane Seferiloba genotipSi ara marto 
qlorofilis masinTezebeli genebis Tanapovnierebazea damokidebuli, aramed aucilebelia sinaT-
lec. adamianis normaluri ganviTareba damokidebulia rogorc genotipze, romelic nivTierebaTa 
cvlis normalur mimdinareobas gansazRvravs, aseve garemo pirobaTa gansazRvrul kompleqszec. 
magaliTad, bavSvis sakveb racionSi iodis ararsebobam SeiZleba gamoiwvios fizikuri da fsiqiuri 
ganviTarebis Seferxeba (kretinizmi). avitaminozi an hipovitaminozi orsul qalebSi aisaxeba nayof-
ze da iwvevs ,,mglis xaxis” ganviTarebas. niSnis gamovlenis xarisxi garemo pirobebze damokidebule-
bis mixedviT SeiZleba gansxvavebuli iyos. igi gamowveulia imiT, rom yovel genotips aqvs calkeuli 
niSnis e. w. reaqciis normis garkveuli farglebi. 

organizmis genotipiT gansazRvrul unars, garemo pirobebis gavleniT niSnis gamovlenis 
xarisxi garkveul farglebSi rom Seicvalos, reaqciis norma ewodeba. amrigad, reaqciis normad 
miCneulia is farglebi, romelebSic SesaZlebelia moxdes fenotipis cvlileba genotipis cvlile-
bis gareSe. modifikaciuri cvlilebis xasiaTi gamomwvev faqtorzea damokidebuli. igi organizmis 
calsaxa reaqciaa garemos moqmedebaze. 

modifikaciis gamovlenis xarisxi, wesisamebr, garemo faqtoris siZlieresa da xangrZlivoba-
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zea damokidebuli. magaliTad, adamianSi Worflianobas iwvevs dominanti geni, misi gamovlenis xari-
sxi mzian garemoSi adamianis yofnis xangrZlivobazea damokidebuli. kanis Seferilobas polimeru-
li genebi gansazRvravs, erTsa da imave adamians mzis sxivebis zemoqmedebis xangrZlivobis mixedviT 
namzeurobis xarisxi gansxvavebuli aqvs. fizikuri varjiSi did gavlenas axdens Zvlovani da kunTo-
vani sistemis ganviTarebaze. 

zogierTi niSnis gamovlenis variaciis farglebi sakmaod farToa, zogis ki _ viwro, zogjer 
niSans erTjeradi reaqciis norma gaaCnia. ukanasknel SemTxvevaSi genotips mxolod erTi fenotipi 
Seesabameba. aseTia adamiansa da zogierT cxovelSi sisxlis jgufobrioba. mag., Tu adamians IAIA geno-
tipi aqvs, maSin mas A jgufis sisxli aqvs, IBIB genotipisas ki B-jgufisa. 

modifikaciis gamomwvevi faqtorebi (ganaTeba, temperatura, tenianoba da sxv.) moqmedebs or-
ganizmis Sinagan garemoze (fermentebis, hormonebis doneze) da cvlis niSnis Camoyalibebis mimdi-
nareobas. amrigad, modifikacia genis eqspresiis cvlilebis Sedegia. niSnis variacia genotipiT gan-
sazRvruli reaqciis normis sazRvrebSi xdeba. mag., Cinur furisulaSi (Primula sinensis) dominanturi 
P alelis mqone mcenareebi dabal temperaturaze (14-200C) wiTel, maRal temperaturaze ki (30-350C) 
TeTr yvavils ikeTeben. aseve, temperaturazea damokidebuli yarayumuli (himalaiuri) jiSis bo-
cverSi balnis Seferiloba. wesisamebr 200C temperaturaze gazrdili bocveri TeTrbalniania, maT 
mxolod TaTebi, kudi, tuCi da yurebi aqvs Savi. 300C temperaturaze gazrdili bocveri mTlianad 
TeTria. furisulasa da himalaur bocverSi memkvidreobs sxvadasxva temperaturaze nairgvari Se-
ferilobis warmoqmnis unari.

klasikuri magaliTia zogierT organizmSi sqesis modifikaciuri gansazRvra, romelsac xer-
xemlianebidan zogierT qvewarmavalSi vxdebiT. (ix. Tavi 7.3). igi gacilebiT xSiria uxerxemlo cxo-
velebSi. moviyvanT erT sanimuSo magaliTs, kerZod, zRvis binadar Wias bonelias (Bonellia viridis) zi-
gotidan ganviTarebuli biseqsualuri larva mdedris xorTumze moxvedrisas Cadis saSvilosnoSi 
da xorTumis mier gamoyofili nivTierebebis (hormonebi) gavleniT mamrad yalibdeba, zRvis fsker-
ze moxvedrisas ki - mdedrad. msgavs movlenas vxvdebiT mcenare aresemaSi (Arisaema japonica). mcena-
ris sqesi damokidebulia mSoblis mier warmoqmnili tuberis zomaze. didi zomis, sakvebiT mdidari 
tuberidan mdedrobiTi, xolo patara, sakvebiT Raribi (fSute) tuberidan mamrobiTi sqesis mcena-
reebi viTardeba. 

modifikaciuri cvalebadoba SeiZleba iyos SeguebiTi tipis. organizmi misi meSveobiT advi-
lad egueba Secvlil pirobebs da didi raodenobiT tovebs STamomavlobas. mag., wylis mcenare isaras 
(Sagittaria sagittariafolia) foTlis forma mkveTrad varirebs ganviTarebis pirobebis mixedviT: wyalSi 
ganviTarebuli foTlis firfita lentiseburia, wylis zedapirze _ ovaluri, wylis gareSe ki _ 
isris bunikis formisa. amgvari variacia sinaTlis moqmedebis Sedegia. zogierT mwers, Tevzs, amfi-
bias, qvewarmavalsa da rig sxva cxovels garemo fonis Sesabamisad ecvlebaT sxeulis Seferiloba. 
modifikaciis Sedegia zogierT cxovelSi Seferilobis sezonuri cvla. mag. TeTri gnoli, TeTri 
kurdReli, yarsaRi zamTarSi TeTria, zafxulSi ki _ ara. (sur. 11.13). 

modifikacia umetes SemTxvevaSi Seqcevadia, rodesac gamomwvevi faqtori aRar moqmedebs, 
cvlileba TandaTanobiT qreba. avitaminoziT gamowveuli daavadebebi (mag., suravandi, beri-beri da 
sxv.) vitaminebiT mdidari sakvebis miRebis Semdeg ikurneba. namzeuroba qreba, rodesac kanze mzis 
sxivebi aRar moqmedebs. maRal mTaSi yofnisas momatebulia eriTrocitebi, barSi Camosvlis Semdeg 
ki sawyis normas swrafad ubrundeba. zogjer organizmi cvlilebas mTeli sicocxlis manZilze inar-
Cunebs. magaliTad, matlidan sxvadasxvagvari gamokvebiT deda an muSa futkari yalibdeba da mTeli 
sicocxlis manZilze aseTebad rCebian. Tu bavSvSi D vitaminis naklebobiT (raqiti) moxda qveda ki-
durebis deformacia, adamiani mTeli sicocxle mrudefexebiani rCeba. 

modifikaciuri cvalebadobis Seswavlas didi praqtikuli mniSvneloba aqvs. misi codna gan-
sakuTrebiT mniSvnelovania soflis meurneobis praqtikisaTvis. kulturul mcenareebsa da Sinaur 
cxovelebSi produqtiulobis gazrda SesaZlebelia rogorc axali maRalproduqtiuli jiSebis 
gamoyvanis meSveobiT, ise maT SesaZleblobaTa maqsimaluri gamovlenis gziT. 

modifikaciuri cvalebadobis kanonzomierebaTa codna aucilebelia medicinaSi. amJamad 
janmrTeli adamianis aRzrdisaTvis saWiroa kvebis, gamowrTobis, fizikuri varjiSis swori reJimi 
da higienuri moTxovnilebebis codna. swori reJimis dacvis SemTxvevaSi ganviTarebis procesSi ya-
libdeba janmrTeli adamianisaTvis damaxasiaTebeli fenotipi. 

7.4.2 memkvidruli cvalebadoba 
memkvidruli cvalebadobis SemTxvevaSi niSan-Tvisebis Secvlas genotipSi momxdari cvlileba 

ganapirobebs, romelic STamomavlobas gadaecema. genotipis cvlilebis gamo xdeba fenotipis Secv-
la. gamoyofen memkvidruli cvalebadobis or formas: kombinaciursa da mutaciurs. mSoblebSi ar-
sebuli gansxvavebuli alelebis mqone qromosomebis xelaxali gadanawileba nairgvari genotipebis 
Camoyalibebas iwvevs, rac organizmTa (STamomavalTa) nairgvarobis – kombinaciuri cvalebadobis 
wyaroa. mutaciuri cvalebadoba ki genetikuri masalis diskretuli erTeulebis axali variantebis 
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– alelebis warmoqmnis Sedegia. 

kombinaciuri cvalebadoba
genTa rekombinaciis meSveobiT xorcieldeba mSoblebSi arsebuli genetikuri masalis STamo-

mavlebSi gadanawileba, rac kombinaciuri cvalebadobis safuZvelia. rekombinacia aris universa-
luri biologiuri meqanizmi, romelic mTel cocxal sistemas axasiaTebs. genebis axali Tanwyoba da 
maTi axali kombinaciebi cvlis genotips. genotipSi gaerTianebul genebs Soris rTuli da nairgvari 
urTierTdamokidebuleba yalibdeba. eukariotebSi kombinaciuri cvalebadoba sami mniSvnelovani 
procesis Sedegad xdeba: 1. meiozis dros qromosomaTa SemTxveviTi da damoukidebeli gadanawile-
biT, ris gamoc qromosomaTa kombinaciebis mixedviT gansxvavebuli gametebi yalibdeba; 2. homolo-
giur qromosomebs Soris monakveTebis reciprokuli gacvliT – krosingoveriT, riTac SeWidul 
genTa jgufebSi gaerTianebuli alelebis gadanawileba da jgufebis axali variantebis Camoyalibeba 
xdeba; 3. ganayofierebis dros mamrobiTi da mdedrobiTi gametebis SemTxveviTi SerwymiT. 

genTa rekombinacia garkveuli kanonzomierebebiT mimdinareobs, romlebic gamoavlines da 
Seiswavles g. mendelma, aseve t. morganma da misma TanamSromlebma. sxvadasxva araalelur genTa ge-
notipSi gaerTianeba zog SemTxvevaSi maT urTierTqmedebas iwvevs. yvela es movlena Cven mier wina 
paragrafebSia ganxiluli. 

mutaciuri cvalebadoba 
cocxali sistemis memkvidruli informaciis Semcveli struqturis-genotipis cvlilebas, 

romlis drosac xdeba genis, qromosomis struqturis an maTi ricxvis cvlileba, mutaciuri cvale-
badoba ewodeba. 

mutaciuri Teoriis fuZemdebelia hugo de frizi (1901-1903). misi kvlevis obieqti iyo mcenare 
enoTera. manve SemoiRo termini ,,mutacia””. de frizma memkvidruli niSnis naxtomisebur, wyvetil, 
mdgrad cvlilebas mutacia uwoda. de frizis mutaciuri Teoriis ZiriTadi debulebebi dResac ar 
kargavs mniSvnelobas. 

mutacia cocxali sistemis universaluri Tvisebaa. igi mimdinareobs virusebidan moyolebu-
li umaRles mcenareebsa da cxovelebSi, TviT adamianis CaTvliT. amdenad, mutaciuri cvalebadoba, 
rogorc uecari Tvisobrivi cvlilebis procesi, sayovelTaoa yvela organizmisaTvis. igi exeba or-
ganizmis yvela niSans. masTan dakavSirebulia genis axali variantebis _ alelebis warmoqmna, Sesaba-
misad, axali niSan-Tvisebebis Camoyalibeba. 

vinaidan sayovelTaod miRebuli klasifikacia sadReisod ar aris SemuSavebuli, mutaciis ti-
pebis dajgufeba ramdenime principiT xorcieldeba: 

I. genomis cvlilebis mixedviT: 1. genuri mutaciebi; 2. qromosomuli mutaciebi-qromosomis 
struqturis cvlileba; 3. genomuri mutaciebi-qromosomebis ricxvis cvlileba. 

II. heterozigotaSi gamovlenis mixedviT: 1. dominanturi; 2. naxevraddominanturi; 3. rece-
siuli. 

III. mutaciis gamomwvevi mizezebis mixedviT: 1. spontanuri-warmoiSoba bunebrivad, aSkara mi-
zezis gareSe; 2 .inducirebuli –eqsperimentatoris mier induqciis gamowveva xelovnurad, amgvari 
unaris mqone faqtoris (mutagenis) zemoqmedebiT. 

IVujredSi lokalizaciis mixedviT: 1. birTvuli; 2. citoplazmuri-igulisxmeba arabirTvu-
li genebis mutacia. 

V.normidan (veluri tipidan) gadaxris mixedviT: 1.pirdapiri; 2.Sebrunebuli anu reversia.
VI. SesaZlo memkvidreobis mixedviT: 1. generaciuli-sasqeso ujredebsa da sporebSi momxda-

ri, romelic memkvidreobs; 2.somaturi _ sxeulis somatur ujredebSi warmoqmnili, igi aramemkvi-
drulia. iwvevs sxeulis mozaikurobas (mutacia sxeulis ujredebis mxolod nawils aqvs). misi Senar-
Cuneba vegetatiuri gamravlebiT an ujreduli inJineriis gziTaa SesaZlebeli. 

I. genuri mutaciebi
am tipis mutaciis dros xdeba calkeuli genis struqturis cvlileba. igi sxva tipis mutaciaTa 

Soris yvelaze maRali sixSiriT warmoiqmneba da iwvevs organizmis morfologiuri, fiziologiuri 
da bioqimiuri niSnebis cvlilebas. genur mutaciebs iwvevs sami mniSvnelovani procesidan romeli-
mes – replikaciis, reparaciis an rekombinaciis darRvevebi. genuri mutaciebi warmoiqmneba rogorc 
spontanurad, ise mutagenebis zemoqmedebis Sedegad. genuri mutaciis dros geni erTi aleluri md-
gomareobidan naxtomiseburad gadadis meore alelur mdgomareobaSi. rig SemTxvevaSi geni SeiZleba 
sxvadasxva mimarTulebiT Seicvalos da mravlobiT alelTa seria warmoqmnas. dnm-is molekulaSi 
erTi wyvili nukleotidis (an rnm-Si nukleotidis) cvlilebas wertilovan mutacias uwodeben. ge-
nuri mutaciebis dajgufebas axdenen: 1. kodis struqturis cvlilebis mixedviT arCeven ramdeni-
me formas: 
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	 tranzicia _ martivi Secvla, rodesac erTi purinis fuZe icvleba meoreTi A G, an piri-
midini Tavissave analogiT T C (miiReba oTxi varianti). 

	 transversia _ rTuli Secvla, rodesac purinis fuZe icvleba pirimidiniT an piruku: A T; 
A C; G C; G T (miiReba 8 varianti). 

	 CarTva _ nukleotidis zedmeti wyvilis CarTva dnm-is molekulaSi. 
	 amovardna _ nukleotidis wyvilis amovardna dnm-is molekulidan. 
2. kodis informaciis cvlilebis mixedviT arCeven ramdenime formas: 
a. sailenTi -kodis struqturis cvlileba informaciis Secvlas ar iwvevs. mag., rnm-is GCU-ko-

donis GCA-Ti Secvlis SemTxvevaSi sinTezirebul polipeptidSi imave aminomJavas CarTva moxdeba, 
vinaidan orive kodoniT xdeba alaninis kodireba. xSirad masSi aerTianeben aramkodirebel ubnebSi 
(genis gareT an intronebSi) inducirebul cvlilebebs.

b. misensi-kodis struqturis cvlileba iwvevs informaciis Sinaarsis Secvlas. makodirebeli 
tripletis Secvlis gamo polipeptidSi erTi aminomJava sxva saxis aminomJavaTi icvleba. mag., UGU- 
kodoni Tu Seicvala UGG-Ti, maSin polipeptidSi cisteinis adgils aminomJava triftofani daika-
vebs. 

g. nonsensi -warmoiqmneba uazro kodoni, romelic arc erT aminomJavas ar kodirebs. mag., Ti-
rozinis makodirebeli UAC-kodonis nacvlad UAA-s warmoqmna. am saxis kodonebi aCereben polipep-
tidis sinTezs. 

d. freimSifti _ aTvlis CarCos gadaadgileba. erTi an ramdenime nukleotidTa wyvilis amo-
vardna an CarTva iwvevs aTvlis CarCos gadaadgilebas da, Sesabamisad, tripletebis azris cvlile-
basac.

genur mutaciebs faTod iyeneben niSan-TvisebaTa memkvidreobis kanonzomierebaTa Seswavli-
sas. drozofilaSi kargadaa Seswavlili mutaciebi, romlebic iwvevs sxvadasxva niSnis cvlilebas, 
kerZod, rogoricaa frTis forma (mag., CanasaxovanfrTiani, ufrTo), Tvalis feri da forma (mag. Te-
Tri, yavisferi, zolisebri, uTvalo), sxeulis feri (mag., Savi, yviTeli) da sxv. albinizmi cxoveleb-
Si genuri mutaciis Sedegia. aseve bardaSi Teslis yviTeli da mwvane Seferiloba, gluvi da naoWiani 
forma, yvavilis TeTri da mewamuli Seferiloba genuri mutaciis Sedegadaa warmoqmnili. 

spontanuri mutaciebis warmoqmna dnm-is matriculi sinTezis procesSi monawile fermente-
bis mier moqmedebis procesSi daSvebuli Secdomebis Sedegia. maTi warmoqmna metad dabali sixSiriT 
mimdinareobs. alelebi mutaciis sixSiriT gansxvavdebian. igi sxvadasxva genisaTvis gansxvavebulia. 
unda aRiniSnos, rom organizmebSi erTi da imave genis spontanuri mutaciis sixSire metnaklebad 
mudmivia da saSualod es maCvenebeli 10-5-10-7 farglebSi varirebs. imis gamo, rom genTa raodeno-
ba organizmSi sakmaod didia, mutaciaTa saerTo ricxvi arc Tu mcirea. magaliTad, umaRles mcena
reebsa da cxovelebSi gametebis daaxloebiT 10% spontanurad warmoqmnil axal mutaciebs Seicavs.

II. qromosomuli mutaciebi
am tipis mutaciebs qromosomul aberaciebsac uwodeben. xdeba qromosomebis struqturis 

cvlileba. amgvarma gardaqmnebma SeiZleba moicvas rogorc erTi qromosomis monakveTebi, ise sxva-
dasxva (arahomologiuri) qromosomebis ubnebi. gamoyofen Sidaqromosomul (defiSensi, delecia, 
duplikacia, inversia) da qromosomaTSoris (translokacia) struqturul darRvevebs. Sualeduri 
adgili uWiravs transpozicias, romelic mimdinareobs rogorc arahomologiur qromosomaTa So-
ris, ise erTi da imave qromosomis fargalSi. 

qromosomis bolo monakveTebis mowyvetasa da dakargvas defiSensi ewodeba. qromosomas aRar 
gaaCnia telomeruli ubani da mimdebare monakveTi. zogjer qromosomis Sua (ara centromeruli) 
monakveTi ikargeba. aseT cvlilebas delecia ewodeba. danaklisis Sedegad qromosoma mokldeba. 
qromosomis erT homologSi monakveTis dakargva, meore normalur homologis Sesabamis monakveTSi 
genTa hemizigoturobas iwvevs. Tu heterozigotaSi dominanturi genebis mqone monakveTi daikar-
ga, maSin maTi yvela recesiuli aleli fenotipurad gamovlindeba. qromosomis didi monakveTis da-
kargva organizmisaTvis letaluria _ individi iRupeba. mcire monakveTebis dakargva ki qromoso-
mis genetikuri sistemis darRvevas iwvevs, icvleba genTa ganlagebis xasiaTi da urTierTkavSiri, 
irRveva genTa moqmedebis Tanafardoba. deleciebi, romlebic sasicocxlo mniSvnelobis genebis da-
kargvas iwvevs, letaluria. mokle deleciebi heterozigotaSi yovelTvis ar iwvevs sicocxlisuna-
rianobis darRvevas. duplikacia da delecia qromosomis gawyvetis Semdeg warmoiqmneba, romelsac 
maionizebeli radiacia, zogierTi qimiuri nivTiereba an virusis moqmedeba iwvevs. 

aRwerilia adamianis mZime memkvidruli daavadeba, e. w. ,,katis knavilis” sindromi. am daavade-
bam saxelwodeba bavSvis specifikuri tirilis gamo miiRo. avadmyofebs aReniSnebaT gonebrivi Ca-
morCena, mTvarisebri saxe, zrdaSi CamorCena, hipertelorizmi da zogi sxva anomalia. mas iwvevs me-5 
qromosomis mokle mxris delecia. amJamad, es daavadeba am saxelwodebiT moixsenieba. daavadebuli 
bavSvebi metwilad adreul asakSi iRupebian. 
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qromosomaSi an sxvadasxva arahomo-
logiur qromosomebSi erTze meti analo
giuri monakveTis arsebobas duplikacia 
ewodeba. pirdapiri mniSvnelobiT igi qro-
mosomis erTi da imave monakveTis gaorma-
gebas gulisxmobs. cnobilia mravaljera-
di ganmeorebis SemTxvevebi, romlebsac 
multiplikacia (amplifikacia) ewodeba. 
duplikacia qromosomis gaswvriv xdeba 
da genetikuri masalis aslebi (erTi da 
igive genebi) erTmaneTis gverdiTaa gan-
lagebuli. zogjer xdeba aslis gadatana 
anu transpozicia imave qromosomis sxva 
ubanSi an sxva arahomologiur qromoso-
maSi. mobilur elements, romelsac qro-
mosomis erTi monakveTidan sxva ubanSi 
gadaadgilebis unari aqvs, transpozoni 
ewodeba. 

polimeruli genebis warmoSobas 
romelime dominanti genis duplikacia 
da misi sxva qromosomaSi transpozicia 
iwvevs. daTiSvis suraTi Sesabamisi niS
nis mixedviT icvleba. aseTi diploidu-
ri mutantis amave genis recesiuli alelis mqone individTan SejvarebiT monogenuri 3:1 daTiSvis 
nacvlad miiReba polimeruli (kerZod, 15:1) daTiSva. 

duplikaciur cvlilebas iwvevs araTanabari krosingoveri. igi genomis evoluciaSi did rols 
TamaSobs. duplikaciiT iqmneba damatebiTi genetikuri masala, SemdgomSi isini genuri mutaciisa da 
bunebrivi gadarCevis Sedegad SesaZloa Seicvalos (ix. sur. 7.19). 

qromosomis monakveTis 180o-iT Semobrunebas inversia ewodeba. am tipis aberaciebi krosingove-
ris procesis darRvevis Sedegad warmoiqmneba, ris gamoc qromosomaSi genTa Tanmimdevroba icvleba, 
xolo maTi raodenoba igive rCeba. inversia genetikuri masalis gardaqmnis farTod gavrcelebuli sa
Sualebaa. genTa SeWidul jgufSi iwvevs genTa Tanmimdevrobis Secvlas. arahomologiuri qromoso-
mis monakveTis sxva qromosomaze mimagreba iwvevs aberaciul cvlilebas, romelsac translokacia 
ewodeba. vinaidan erTi qromosomis genebis nawili sruliad sxva SeWidul genTa jgufSi erTiandeba, 
am saxis cvlileba iwvevs genTa SeWiduli jgufebis darRvevas da Secvlas. homozigotebSi trans
lokacia metwilad letalur efeqts iwvevs. igi did gavlenas axdens genTa gamovlenaze. transloka-
cia heterozigotur cxovelebSi iSviaTia, mcenareebSi ki farTod gavrcelebuli movlenaa. 

III. genomuri mutaciebi
qromosomaTa forma, zoma da ricxvi yoveli saxeobisaTvis mniSvnelovani sistematikuri ni-

Sania. genomi aris qromosomaTa haploiduri nakrebi masSi lokalizebuli genebiT. mutaciis Sede-
gad, rogorc genebi da qromosomTa struqtura, ise genomi icvleba. genomuri mutaciebis Sedegad 
icvleba, agreTve, qromosomaTa raodenoba. gamoyofen genomuri mutaciebis Semdeg formebs: 1. cen-
truli Serwyma da centruli gaTiSva; 2. poliploidia; 3. aneuploidia. 

centruli Serwymis dros arahomologiuri ori qromosoma zogjer ukavSirdeba erTimeores 
da miiReba erTi qromosoma. centruli dacilebis dros qromosoma wydeba da ori damoukidebeli 
arahomologiuri qromosoma yalibdeba (sur. 7.20). es movlena zogjer, pirvelaRmomCenis pativsa-
cemad, moixsenieba robertsonuli translokaciis saxelwodebiT. igi mcenareTa da cxovelTa nebi-
smier did sistematikur jgufSi gvxvde-
ba. 

eukariotuli organizmis sasi-
cocxlo ciklSi xdeba qromosomaTa ha
ploiduri kompleqtis ricxvTa regu-
laruli cvlileba (n 2n). mitozi da 
meiozi ujredis gayofis zusti meqani
zmebia, romlebic uzrunvelyofs qromo
somaTa ricxvis mudmivobas. zogjer mi-
tozis an meiozis procesi irRveva, ramac 

sur. 7.19. qromosomuli mutaciis formebi

sur. 7.20. qromosomaTa centruli Serwyma da dacileba.
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SeiZleba gamoiwvios qromosomaTa Sec
vlili raodenobis mqone ujredebis war-
moqmna. 

ujredSi qromosomaTa ricxvis 
haploiduri kompleqtis (n) proporci
ulad (jeradad) zrdas poliploidia 
ewodeba, calkeuli an ramdenime qro
mosomis ricxobriv cvlilebas ki aneu-
ploidia uwodeben (sur. 7.21). 

rogorc aRvniSneT, poliploidiis 
dros qromosomaTa ricxvi (haploiduri 
kompleqti) ujredSi proporciulad 
izrdeba. sami aseTi kompleqtis mqone or-
ganizms ewodeba triploidi (3n), oTxisas 
- tetraploidi (4n), xuTisas - pentaploi-
di (5n) da a.S. cxovelTa samefoSi poli-
ploidia iSviaTia. mcenareTa samyaroSi 
poliploidia farTod da araTanabradaa 
gavrcelebuli. maRali sixSiriT gvxvde-
ba farulTeslovanebsa (47% poliploi-
debia) da gvimrebSi, iSviaTia SiSvel-
TeslovanebSi. kulturul mcenareTa 
Soris mravalia bunebrivi poliploidu-
ri formebi (xorbali, kartofili, Svria, 
marwyvi, qliavi, vaSli, msxali da sxv.). 
poliploidebi advilad eguebian mkacr 
garemo pirobebs. CrdiloeT da ekvato-
ris ganedis, aseve maRalmTiani raionebis 
yvavilovan mcenareTa didi nawili (mag., 
grenlandiaSi 72%, pamirSi 86%) poli-
ploidebia. poliploidia mniSvnelovan 
rols asrulebs mcenareTa evoluciis 
procesSi. igi axal formaTa da saxeobaTa 
warmoSobis mniSvnelovani gzaa. 

iseT individebs, romlebSic proporciulad aris gazrdili erTi da igive genomi, autoploi-
debi ewodeba. qromosomebis ricxvis zrda zogjer iwvevs ujredebis zomis gadidebas, ris gamoc mT-
lianad mcenaris zoma izrdeba. kulturul mcenareTa poliploidebSi rig SemTxvevaSi gazrdilia 
mosavlianoba (mag., wiwibura, Warxali, Wvavi da a.S.). 

individebs, romlebSic gansxvavebuli genomebia jeradad gadidebuli, aloploidebi ewode-
ba. isini saxeobaTa Soris hibridebs warmoadgens maT didi praqtikuli mniSvneloba aqvs. bunebri
vi aloploidebia xorbali, qliavi da misT. xelovnurad aloploidi pirvelad g. karpeCenkom miiRo 
kombostosa da bolokis SejvarebiT warmoqmnil hibridebSi. miRebulia mravali aloploidi. mag., 
Wvavisa da xorblis (tritikale); Wangasa da xorblis; xorblisa da qeris hibridi da sxv. bolo peri
odSi am mizniT farTod iyeneben ujredul inJinerias. 

aneuploidiis (heteroploidiis) dros diploidur kompleqts aklia an meti aqvs erTi an 
iSviaTad erTze meti qromosoma. am movlenas iwvevs meiozis dros qromosomebis ganuridebloba. di-
ploidur kompleqtSi erT-erTi homologis sami qromosomiT warmodgenas trisomia (2n+1) ewodeba; 
Tu homologiur wyvils erTi qromosoma aklia _ monosomia (2n-1). TiTqmis yvela aneuploidi da-
bali sicocxlisunarianobiT da nayofierebiT gamoirCeva, qromosomebis momateba an dakargva orga-
nizmis ganviTarebaSi SesamCnev cvlilebebs iwvevs. 

inducirebuli mutagenezi. mutacia SeiZleba warmoiqmnas spontanurad an xelovnurad 
(inducirebulad) mutagenebis zemoqmedebiT. cneba ,,mutacia” ori mniSvnelobiT _ cvalebadobis 
warmoqmnisa da TviT cvlilebis aRsaniSnavad ixmareba. mutaciis warmoqmnis process mutagenezi 
ewodeba, xolo cvlilebis gamomwvev faqtors _ mutageni. am procesis Sedegad Secvlil individs, 
romelSic fenotipuradaa gamovlenili memkvidruli cvlileba, mutanti ewodeba.

mutaciis inducirebas fizikuri da qimiuri faqtorebis zemoqmedebiT axdenen. mutagenur 
faqtors warmoadgens yvela saxis maionizebeli (rentgenis sxivebi, γ - gamosxiveba, neitronebi da a. 
S.) radiacia da ultraiisferi sxivebi. radiaciis zemoqmedebiT inducirebuli mutaciebi umdables 
sokoebSi pirvelad miiRes da Seiswavles g.nadsonma da g. filipovma (1925). amerikelma genetikosma h. 

sur. 7.21. genomuri mutaciis formebi.
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melerma (1927) drozofilaze rentgenis sxivebis zemoqmedebiT miiRo da Seiswavla sxvadasxva saxis 
mutaciebi. manve SeimuSava amJamad klasikurad aRiarebuli mutaciis raodenobrivi aRricxvis me-
Todebi. l. stadlerma (1928) qersa da simindSi rentgenis sxivebis zemoqmedebis genetikuri efeqti 
Seiswavla. 

Tavdapirvelad miaCndaT, rom maionizebeli radiacia uSualod moqmedebs genetikur masalaze 
da cvlis mis struqturas (e.w. ,,samiznis” Teoria). dadgenilia, rom radiaciis uSualo moqmedebiT 
dnm-is molekulebSi warmoiqmneba nairgvari darRvevebi. aseve dadgenilia, rom radiacia arapirda-
piri gziTac moqmedebs dnm-is struqturaze. wylis ragiolizis Sedegad warmoqmnili qimiurad maRa-
laqtiuri produqtebi zemoqmedeben dnm-ze da mis cvlilebas iwveven. maionizebeli radiacia moqme-
debis farTo speqtriT aris cnobili. inducirdeba mutaciis yvela saxe, romelic iwvevs organizmis 
nebismieri niSnis nairgvar cvlilebas. radiaciis moqmedebas qveda zRurbli ar gaaCnia, nebismieri 
doza axdens mutaciis induqcias. 

sxvadasxva saxeoba gansxvavebuli radiorezistentulobiT gamoirCeva. mcenareebi bevrad 
ufro radiorezistentulebia, vidre cxovelebi. Tu organizmi xangrZlivad eqvemdebareba radiaci-
is metad dabali dozis zemoqmedebas, igi ukvalod ar qreba, misi moqmedeba grovdeba im SemTxvevaSic 
ki, rodesac bunebrivi radioaqtiuri foni dabalia. adamiani mTeli sicocxlis manZilze, jamurad, 
daaxloebiT 0,03 grei dozas iRebs.

fizikur mutagens miekuTvneba ultraiisferi sxivebi. maTi qsovilSi SeRwevadoba Zalian daba-
lia. igi Zlier mutagenur moqmedebas avlens erTujredian organizmebSi, mtvris marcvlebsa da spo-
rebSi. ultraiisferi sxivebi ZiriTadad genur mutaciebs warmoqmnis. igi dnm-is molekulaSi ori 
mezobeli pirimidinis fuZeebis dimerizacias iwvevs, rac potenciuri mutaciuri cvlilebaa. 

Zlieri moqmedebis qimiuri mutagenebi 1946 wels ruseTSi i. rapoportma (eTilenimini) da in-
glisSi S. auerbaxma da j. robsonma (ipriti) gamoavlines. amJamad miRebulia nairgvari jgufis qimiu-
ri mutagenebi, romlebic specifikuri moqmedebis farTo speqtriT gamoirCevian. isini moqmedeben 
dnm-is molekulaze da maTSi cvlilebebs iwveven. qimiur mutagenebs miekuTvneba azotovani fuZis 
analogebi (5-bromuracili, 2-aminopurini). replikaciis procesSi xdeba bunebrivi fuZeebis nacv-
lad maTi CarTva. azotovani mJava da hidroqsilamini, romlebic azotovani fuZis modificirebas 
iwveven, akridini da misi warmoebulebi, romelTa interkalireba xdeba dnm-is molekulaSi, zogierTi 
mutageni iwvevs azotovani fuZeebis alkilirebas (mag.eTilenimini, eTilmeTansulfonati da sxva). 
gamovlenilia biologiuri mutagenebi (virusebi, egzogenuri dnm, zogierTi obis sokos mier gamo-
yofili toqsini da sxva). fizikuri da qimiuri mutagenebi farTod gamoiyeneba sasoflo-sameurneo 
praqtikaSi. miRebuli mutantebi iTvleba mniSvnelovan sawyis masalad mcenareTa seleqciisaTvis. 
maTi gamoyenebiT miRebulia daavadebisadmi gamZle da uxvmosavliani mcenareTa jiSebi. mikroorga-
nizmebSi miRebulia maRalproduqtiuli (antibiotikebi, vitaminebi, cilebi da sxv.) Stamebi. 

garemos mutagenebi. samecniero-teqnikurma progresma kacobriobis winaSe wamoWra garemos dacvis 
problema uaryofiTi xangrZlivi da Seuqcevadi cvlilebebisagan. adamianis saqmianobam gamoiwvia bu-
nebrivi landSaftebis didi farTobebis mkveTri Semcireba* mdinareebis, zRvebisa da okeaneebis, atmo-
sferos, niadagebis gaWuWyianeba. bolo aTwleulebSi am procesebma globaluri masStabebi SeiZina. 
mecnierTa azriT, saSiS faqtorebad aris miCneuli Semdegi (dalagebulia stresuli zemoqmedebis 
siZlieris mixedviT): 1. pesticidebi; 2. mZime metalebi; 3.naxSirbadis (II) oqsidi; 4. gogirdis (II) oqsi-
di da misi daJangvis produqtebi; 5. daRvrili navTobi; 6. sawarmoebidan Canadeni wylebi; 7. qimiuri 
sasuqebi; 8.organuli narCenebi; 9. azotis oqsidebi; 10. radioaqtiuri narCenebi; 11. qalaqis nagavi; 12. 
atomuri eleqtrosadgurebis radiaci uli narCenebi; 13. fotoqimiuri oqsidantebi; 14. haeris naxSir-
wyalbadebi; 15. naxSirbadis (IV) oqsidi; 16. qalaqis xmauri. 
CamonaTvali gviCvenebs Tu rarig mravalferovania adamianis zemoqmedeba bunebaze. dedamiwaze ar 
moipoveba ubani, sadac aseT zemoqmedebas metnaklebi intensiurobiT ar eqvemdebarebodes cocxali 
sistema. garemos gamaWuWyianebel mraval faqtors genetikuri aqtiuroba (igive, mutagenuri efeqti) 
aRmoaCnda. garemoSi mutagenebis gavrceleba mutaciis sixSiris gazrdas iwvevs. warmoqmnili muta-
ciebi metwilad recesiuli da sazianoa (izrdeba genetikuri tvirTi). igi arRvevs evoluciis pro-
cesSi Camoyalibebuli organizmis erTian genetikur sistemas. safrTxe emuqreba rogorc adamianis 
amJamindel da momdevno Taobebs, ise mTel biosferos. am safrTxem ganapiroba axali dargis, geneti-
kuri toqsikologiis Camoyalibeba. 
igi ikvlevs anTropogenuri faqtorebis mutagenur aqtiurobas, umTavresad Seiswavlis qimiur ni-
vTierebaTa genetikur aqtiurobas, SeimuSavebs maTi gansazRvris meTodebsa da Sefasebis saSuale-
bebs, miznad isaxavs minimumamde daiyvanos mutagenuri zemoqmedebis riski, ukiduresad SezRudos 
adamianis iseTi saqmianoba, romelic genetikuri cvlilebebis gamowvevis safrTxes atarebs.
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7.5 memkvividreobiTobis molekuluri safuZvlebi

7.5.1 nukleinis mJavebis roli memkvidreobaSi
memkvidreobis qromosomuli Teoriis mixedviT, memkvidreobis diskretuli erTeuli – geni 

lokalizebulia qromosomaSi. qromosomebi Sedgeba cilebisa da nukleinis mJavebisagan. romeli 
maTgania memkvidreobis materialuri safuZveli? romeli Seicavs memkvidrul informacias? aRni-
Snuli sakiTxi iwvevda azrTa sxvadasxvaobas. amJamad es sakiTxi gadawyvetilia: nukleinis mJavebi 
– esaa memkvidreobis materialuri substrati. arsebobs amis damamtkicebeli pirdapiri da arapir-
dapiri argumentebi. 

arapirdapiri argumentebi Semdegia. sxvadasxva organizms dnm-is gansxvavebuli raodenoba 
aqvs. erTsa da imave organizmis sxvadasxva somaturi ujredebis birTvSi misi raodenoba Tanabaria: 
sasqeso ujredebSi orjer naklebia, vidre somaturSi. gametebis warmoqmnis dros misi raodenoba 
naxevrdeba, zigotaSi ki ormagdeba. meiozi da ganayofiereba aregulirebs dnm-is raodenobas game-
tebsa da zigotaSi, rac miuTiTebs, rom memkvidreobis substrati aris dnm. 

ultraiisferi sxivebi mutagenuri faqtoria. cilebsa da dnm-s am sxivebis STanTqmis gansxva-
vebuli speqtri moepoveba. mutagenuri moqmedebis speqtri Seesabameba dnm-is STanTqmis speqtrs, 
rac mniSvnelovani argumentia, rom memkvidruli Tvisebebi dakavSirebuli yofila dnm-Tan. 

dnm-is genetikur rolze pirveli pirdapiri sarwmuno argumentia f. grifiTis mier diploko-
kebSi (Diplococcus pneumoniae) aRmoCenili transformaciis movlena. 

baqteriebis transformacia. cnobilia pnevmokokebis ori Stami. isini gansxvavdebian 
koloniis formiT, zomiT, agreTve ujredis garsis gareT mkvrivi polisaqariduli kafsulis Tana-
povnierebiT. es ukanaskneli baqterias icavs fagocitozisagan. S formis Stams aqvs mkvrivi kafsula 
da myar areze viTardeba rogorc didi zomis, priala gluvzedapiriani kolonia. igi virulenturia. 
baqteriis es Stami iwvevs pnevmonias adamianSi da ZuZumwovrebSi, bunebrivia, TagvebSic, razedac 
cdebi f. grifiTma Caatara. zogjer S forma mutaciis Sedegad gardaiqmneba sxva Stamad – R formad. 
R forma ukafsuloa, avirulenturia. myar sakveb areze igi iZleva patara zomis, xorkliani zedapi-
ris mqone kolonias. 

f. grifiTma daadgina, rom 65oC temperaturaze gacxelebiT daxocili S formis an cocxali 
R formis Seyvana TagvebSi daavadebas ar iwvevda, xolo S formis cocxali ujredebi daavadebas iw
vevda. moulodneli aRmoCnda cdis Sedegi, rodesac TagvebSi SehyavdaT daxocili S da cocxali R 
formis baqteriebis narevi. isini aavadebdnen Tagvebs pnevmoniiT da maTi nawili iRupeboda. daxoci-
li Tagvebi Seicavdnen S formis baqteriebs (sur. 7.22).

gamokvlevis Semdegi etapi dakavSirebulia o. eiverisa da misi TanamSromlebis gamokvle-
vebTan. 1944 w. maT daadgines, rom matransformirebel agents dnm warmoadgens. marTlac, rodesac 

R formis Stamis mo-
zard ujredebs uma
tebdnen S Stamidan 
gamoyofil dnm-s, 
xdeboda ujredebis 
garkveuli nawilis 
t r a n s f o r m i r e b a . 
eqstraqtis damu-
Saveba fermentiT 
( d e z o q s i r i b o n u -
kleaziT, romelic 
specifikurad Slis 
dnm-s) Trgunavda 
aRniSnul process. 
gamoirkva, rom gene-
tikuri informaci-
is-genebis Semcveli 
dnm-is fragmente-
bi adsorbirdebian 
R Stamis ujre-
debze, Semdeg ki Se-
dian ujredSi. xdeba 
krosingoveris gziT 
maTi CaSeneba (inte-
gracia) baqteriis 

sur. 7.22. transformacia. a. cocxali S-StamiT virTagvebi aavaddebian. b. R-Stami 
virTagvebs ar aavadebs. c. Termuli zemoqmedebiT daxocili (650C temperatura) 
S-Stami virTagebs ar aavadebs. d. Termuli zemoqmedebiT daxocili S-Stamisa da 
cocxali R-Stamis nareviT virTagvebi aavaddebian.
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qromosomaSi. 
baqteriofagebis gamravleba.  nukleinis mJavebis genetikuri rolis damasabuTebel me-

ore mniSvnelovan arguments warmoadgens baqteriofagis gamravleba. a.herSma da m.Ceizma 1952 wels 
Seiswavles T2 fagis gamravleba. igi nawlavis Cxiris (Escherechia coli-s) virusia, mcire zomisaa, Sed-
geba heqsagonuri formis Tavisagan (masSi moTavsebulia dnm-is molekula) da grZeli kudisagan. 
fagi garedan dafarulia cilovani garsiT _ kafsidiT. kudi cilindruli formisaa da bolovdeba 
bazaluri firfitiT. igi aRWurvi-
lia eqvsi kbilakiT, romlidanac ga-
modis TiTo fibrili. e.i. fagi ori 
makromolekuluri komponentisa-
gan cilisa da dnm-gan Sedgeba (sur. 
4.41). 

cdebSi a. herSma da m. Ceizma 
baqteriofagis cila moniSnes 35S 
radiaqtiuri izotopiT. gogirds 
Seicavs cilis SemadgenlobaSi Se-
mavali ori aminomJava – cisteini da 
meTionini. dnm ki moniSnes 32P fo-
sforis izotopiT. fosforis 99% 
T2 fagis dnm-Sia moTavsebuli. izo-
topebiT moniSnuli fagiT daasne-
bovnes baqteriebi. sawyisi perio-
dis (baqteriaze fagis adsorbciis) 
Semdeg fagebi CamorecxviT Ca
moaciles baqteriebs. amdagvari 
proceduriT 35S-is 80% scildeba 
baqteriebs da fagis Semdgom ganvi-
Tarebaze gavlenas ar axdens. 32P-is 
ZiriTadi masa ar scildeba ujre-
debs, vinaidan ukve ujredSia SeWrili. 

gamoirkva, rom baqteriaze fagis adsorbciis procesSi, es ukanaskneli kudiT emagreba baqte-
riis zedapirs. kudze arsebuli fermenti Slis baqteriis garsis ubans, fagis kudis SaliTa ikumSeba, 
centraluri mili iWreba ujredSi da fagis TavSi arsebuli dnm milis gavliT gadadis baqteriis 
ujredSi. inficirebidan 20 wuTis Semdeg ujredi iSleba da saSualod gamoTavisufldeba 100-mde 
Svileuli fagis nawilaki (sur. 7.23). 

am eqsperimentiT damtkicda, rom dnm-s aqvs TviTwarmoqmnis unari: baqteriul ujredSi Se-
dis dnm-is erTi molekula, xolo daSlili baqteriidan gamodis fagis mravali nawilaki, romlebic 
Seicavs dnm-is TiTo molekulas. amasTan, dnm Seicavs memkvidrul informacias: dnm-Si arsebuli in-
formaciis mixedviT, ujredSi sinTezirebul TiToeul fags aqvs iseTive agebulebisa da qimiuri 
Sedgenilobis cilis garsi, rogoric sawyis nawilaks. 

transduqcia. dnm-is genetikuri funqciis sarwmuno pirdapir argumentia transduqciis 
movlena, romelic 1951 w. aRmoaCina n. zinderma da j.lederbergma. transduqcias uwodeben erTi 
baqteriuli ujredidan fagis meSveobiT meoreSi dnm-is monakveTis (genis) gadatanas. fagebi or ka-
tegoriad iyofa: virulenturi da zomieri. virulenturi fagi ujredSi SeWrisas iwvevs litikur 
reaqcias. infeqciuri nawilakebi mravldebian, mwifdebian da fagis SeWridan 20 wuTis Semdeg uj
reds Slian. zomieri fagi iwvevs rogorc litikur, ise lizogenur reaqcias. lizogenuri reaqciis 
dros fagi gadadis profagis mdgomareobaSi; baqteriaSi SeWrili fagis dnm integrirdeba baqteriis 
qromosomaSi da masTan erTad sinqronulad replicirdeba. 

baqterias, romelic Seicavs profags, lizogenurs uwodeben. aseTi baqteria rezistentuli 
xdeba im fagebis mimarT, romlebmac lizogenuroba gamoiwvies. zogjer SeiniSneba lizogenur baqte-
riebSi fagis infeqciuri nawilakebis momwifeba da ujredis lizisi. 

transduqciis movlena qvemoaRwerili eqsperimentiT aRmoaCines: U-s formis milis (SuaSi 
gamijnulia baqteriuli filtriT) erT naxevarSi moaTavses salmonelis Salmonella typhimurium 22A 
Stami (igi ver axdenda triptofanis (trp-) sinTezs), xolo meore mxares 2A Stami, romelic asinTe-
zebda am aminmJavas (trp+). 

U-s magvar milSi am ori Stamis inkubaciis Semdeg 22A Stami daTeses myar areze. gamoirkva, rom 
zogierTma baqteriulma ujredma SeiZina triftofanis sinTezis unari. aseTi ujredebi 1x105 sixSi-
riT warmoiqmneboda. gamoirkva, rom 2A Stamis lizogenur ujredebSi fagis dnm-is deintegraciis 
dros xdeboda triftofanis masinTezebeli dominanti genis wartaceba baqteriis qromosomidan. 

sur. 7.23. fagis gamravleba. 1. fagis fiqsacia baqteriaze. 2. fagis 
dnm-is SeWra baqteriaSi. 3. fagis dnm-is replikacia da mravali as-
lis miReba. 4. fagis nawilebis warmoqmna. 5. baqteris lizisi da fage-
bis garemoSi gamosvla.
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baqteriofagi Tavisuflad gadioda baqteriul filtrSi, iWre-
boda 22A Stamis ujredSi da masSi Sehqonda qromosomis mo-
nakveTi, romelSic trp+ geni iyo moTavsebuli. genetikuri 
rekombinaciiT xdeboda am monakveTis integracia baqteriul 
qromosomaSi, ris gamoc zogierTi baqteriuli ujredi trip-
tofanis sinTezis unars iZenda (sur. 7.24). 

rnm-is genetikuri funqcia. rogorc pro-, ise euka-
riotul organizmebSi memkvidruli funqciis genetikur masa-
las mxolod dnm warmoadgens. gamonaklisia zogierTi virusi 
(mag., Tambaqos mozaikis virusi – Tmv, poliomielitisa da en-
cefalitis gamomwvev virusebSi, retrovirusebSi, zogierT 
baqteriofagSi memkvidrul informacias rnm Seicavs). 

cdebiT damtkicda, rom am saxis virusebSi memkvidrulo-
bis funqcia rnm-Tanaa dakavSirebuli. cdebi Caatares Tmv-ze. 
igi cilindruli formisaa, SuaSi moTavsebulia rnm-is spi-
ralurad daxveuli molekula, xolo gars akravs cilovani 
garsi. rnm-isa da cilis garsis dacileba advilad xdeba. Tu 
Tambaqos foTols virusis cilis fraqciiT davamuSavebT, 
igi infeqcias ar iwvevs. rnm-is fraqciiT damuSavebisas ki 
foTlebs nekrozuli laqebi uCndebaT. 

Tmv-is ori gansxvavebuli Stamidan g. franklin-konradma 
Seqmna ori hibriduli virusi: erTi saxis hibridul viruss 
pirveli Stamis garsi da meore Stamis rnm gaaCnda, xolo me-
ore saxis hibridul viruss, piriqiT – pirveli Stamis rnm da meore Stamis cila. Tambaqos foT-
lis dasnebovnebisas xdeboda virusuli nawilakebis reproducireba. sinTezirebuli hibridebi 

axdendnen iseTi Sedgenilobis cilis garsis sinTezs, romlidanac iyo aRebuli rnm. hibriduli 
Stamebis reproduqcia ar xdeboda (sur. 7.25).

sur. 7.25. rnm-is genetikuri funqciis Seswavla Tambaqos mozaikis virusSi (Tmv). virusis dayofa 
(degradacia) rnm-sa da cilis fraqciaT. S da HR Stamebis rnm-sa da cilebisgan hibriduli viru-
sis rekonstruireba. inficirebul mcenaridan miRebul STamomavlobaSi kapsidis cilis struq-
turas rnm gansazRvravs. hibriduli Tmv-is cilis Tvisebebi STamomavlobas ar gadaecema.

sur. 7.24. transduqciis movlenis 
amsaxveli sqema. baqteriis 22A Stami 
ver axdens triftofanis sinTezs. 
22A Stami aaxdens triftofanis sin-
Tezs.
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7.5.2 genis moqmedebis regulacia 
mravalujrediani organizmis somatur ujredebs qromosomaTa erTnairi kompleqti da, bune-

brivia, erTnairi genebi aqvs. miuxedavad amisa, maT struqturulad da funqciurad gansxvavebuli 
ujredebi gaaCniaT. kuWqveSa jirkvlis zogierTi ujredi gamoimuSavebs insulins, xolo adrenali-
nis sinTezs ar axdens, Tumca misi masinTezirebeli geni moepoveba. gamoirkva, rom mravalujredian 
eukariotebSi diferencirebulad xdeba genebis eqspresia. erTi tipis ujredebSi garkveuli genTa 
jgufia eqspresirebuli, sxva tipis ujredebSi ki _ sruliad sxva jgufi. amitomac erTi ujredidan 
_ zigotidan gansxvavebuli struqturisa da funqciis ujredebi yalibdeba. genTa eqspresiis regu-
laciis procesSi ar xdeba genotipidan ,,gamouyenebeli” genebis eliminacia.

genebi diferencirebulad moqmedebs prokariotebSic. baqteria E.coli-s ujreds 4000-mde 
gansxvavebuli cila aqvs. maT sxvadasxva genebi akodirebs. ujredSi yvela im saxis cilis sinTezi 
erTdroulad ar xdeba, romlis warmoqmnac mas SeuZlia. maSasadame, adgili aqvs cilis sinTezis re-
gulacias.

baqteriaSi genebis erTi jgufi, ganuwyvetliv funqcionirebs da sinTezdeba (mag., gliko-
lizSi monawile) fermentebi. fermentebs, romlebic am gziT sinTezdeba, konstituciurs uwode-
ben. genebis meore jgufi moqmedebs mxolod maSin, rodesac ujredSi aris saTanado substrati (mag., 
laqtoza), sxva SemTxvevaSi genebi represirebulia. niSandoblivia fermentebis induqciuri sinTe-
zi. amdagvar fermentebs inducirebadi ewodeba.

prokariotebSi genetikuri aqtiurobis yvelaze martivi da efeqturi kontroli transkripci-
is doneze xorcieldeba. aRniSnuli tipis regulaciis klasikuri magaliTia laqtozis damSleli 
fermentebis sinTezis regulaciis sistema. laqtozis SeTvisebis genetikuri kontroli Seiswavles 
f. Jakobma da J. monom 
(1961) da Camoayalibes 
operonis Teoria. am mo-
delis mixedviT, laqto-
zis operoni (lac-operoni) 
ori, struqturuli da 
funqciuri nawilisgan 
Sedgeba. struqturul na-
wilSi sami SeWiduli (Z,Y,A) 
genia gaerTianebuli, rom-
lebic funqciuri nawilis 
marjvnivaa ganlagebuli. 
Z geni kodirebs ferment 
β-galaqtozidazas. igi 
laqtozas monomerebad 
(galaqtozad da gluko-
zad) xleCs. Y geni kodirebs 
ferment permeazas, rome-
lic garemodan ujredSi 
laqtozas transports 
anxorcielebs. A geni ko-
direbs acetilazas, rom-
lis fiziologiuri roli 
ucnobia. varaudoben, rom 
mas ujredidan gamoaqvs 
laqtozis daSlis Sedegad 
warmoqmnili toqsikuri 
produqtebi.

operonis funqciuri 
nawili promotorisa (P) da 
operators (O) aerTianebs. 
amrigad, struqturuli 
genebis (Z,Y,A), promoto-
risa (P) da operatoris 
(O) ubnebis erToblioba 
warmoqmnis operons. R – 
geni-regulatori (I - re-
presori) am sistemis mni-

sur. 7.26. genis moqmedebis regulacia prokariotebSi. a. lac-operoni da regu-
laciaSi monawile komponentebi. b. rodesac ujredSi ar aris laqtoza repre-
sori dakavSirebulia operatorTan da traskripcia blokirebulia. c. rode-
sac ujredSi aris laqtoza, igi ukavSirdeba represors. represori scildeba 
operators da rnm-polimeraza axdens transkripcias.
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Svnelovani komponentia. Cveulebriv, igi operonis 
gareTaa lokalizebuli, Tumca zogjer SesaZlebelia 
operonis SemadgenlobaSic Sediodes. struqturuli 
genebis eqspresiaSi R – geni-regulatori (I - repre-
sori)  mniSvnelovan rols asrulebs. igi alosterul 
represorul cilas kodirebs. (alosterulia cila, 
romlis aqtivobac sxva molekulebiT, am konkre-
tul SemTxvevaSi laqtoziT regulirdeba. rodesac 
laqtoza ukavSirdeba represors, am ukanasknels kon-
formaracia da, Sesabamisad, Tvisebebi ecvleba).

avtorebis SexedulebiT, struqturuli gene-
bis moqmedeba operatoriT (O) regulirdeba. igi gan-
sazRvravs struqturuli genebis eqspresiis xarisxs da 
asrulebs or funqcias: misgan iwyeba dnm-is molekulis 
erTi jaWvis gaswvriv i-rnm-is sinTezi da, meore mxriv, 
urTierTqmedebs cila represorTan. dnm-is promoto-
rul (P) ubanTan fermenti rnm-polimeraza aris da-
kavSirebuli (sur. 7.26) 

regulatoruli genis moqmedebis efeqti ga-
remozea damokidebuli. E.coli-Tvis naxSirbadis er-
TaderTi wyaro Saqrebia. rodesac garemoSi ar aris 
laqtoza, cila-reprosori dakavSirebulia opera-
torTan da transkrifcia represirebulia. nawlavis 
Cxiri laqtozian areSi moxvedrisas Saqars maSinve 
ver Slis da, bunebrivia, ver mravldeba. garkveuli 
dro sWirdeba adaptacias. es periodi fermentebis 
induqciur sinTezs xmardeba. induqtori (laqtoza) 
mtkiced ukavSirdeba represors da es ukanaskneli 
wydeba operators. aRmoCnda, rom represors moepo-
veba induqtorisa da operatoris dakavSirebis cen-
trebi. induqtoris dakavSirebisas cila-represoris 
konformacia ise icvleba, rom operatori veRar Seic-
nobs dakavSirebis sakuTar centrs represorze da ve-
Rar ukavSirdeba. mimdinareobs transkrifcia. sinTe-
zirebuli i-rnm samive (Z,Y,A) fermentis informacias 
flobs. 

lac-represori warmoadgens negatiuri regula-
toris tipur magaliTs. lac-operonSi struqturuli 

genebis eqspresia pozitiuri regulaciis gziTac kontroldeba. misi moqmedeba glukoziT regu-
lirdeba. unda aRiniSnos, rom TviT glukoza ar warmoadgens inhibitors. glukozis efeqtze pasuxi-
smgebelia Suamavali molekula c-AMP (cikluri adenozinmonofosfati). ujredSi misi Semcveloba 
regulirdeba ori fermentiT: sinTezi – adenilatciklazaTi, xolo degradacia – fosfodiesTera-
zaTi. glukozis Tanaobisas ujredSi SeiniSneba c-AMP-is dabali, xolo glukozis ararsebobisas – 
maRali done. e. i. c-AMP-s koncentraciis SemcirebiT glukozis katabolizmis produqti Trgunavs 
laqtozis metabolizmis fermentebis induqcias (am movlenas kataboluri represia ewodeba). 

genis eqspresiis kontroli eukariotebSi gacilebiT rTulia. maT evoluciis procesSi genis 
eqspresiis regulaciis nairgvari gza CaouyalibdaT. 1. eukariotuli ujredi prokariotebisagan 
gansxvavebiT didi raodenobiT Seicavs dnm-s. es ukanaskneli dakavSirebulia cila-histonebTan da 
qmnis spiralur Zafisebur kompleqss _ qromatins. genis traskripcia mxolod despiralizebul 
mdgomareobaSi xorcieldeba. amrigad genis eqspresiis regulacia qromatinis doneze xorcieldeba.

2. eukariotebSi transkripciisa da translaciis procesi drosa da sivrceSi gamijnulia. bir-
TvSi mimdinareobs transkripcia, Semdeg trankripti (i-rnm) transportirdeba citoplazmaSi, sadac 
translaciis procesi xorcieldeba. genis eqspresiis regulacia mimdinareobs rogorc, transkri-
pciis, ise translaciis doneze. 

3. birTvSi xorcieldeba dnm-ze sinTezirebuli pre-rnm-is modificirdeba (splaisingi). pre-
rnm-dan fermentebiT intronuli ubnebis amokveTa xdeba, ris Sedegad molekula mniSvnelovnad 
mokldeba. genis eqspresiis regulacia xorcieldeba splaisingis doneze (e. w. posttraskripciuli 
kontroli).

4. prokariotul ujredSi i-rnm translaciis dasrulebisTanave iSleba, eukariotebSi ki ara.

sur. 7.27. genis moqmedebis regulacis tipebi eu-
kariotebSi.
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5. eukariotebis umravlesoba mravalujrediani organizmia. maT diferencirebuli ujredebi 
aqvT, romlebic gansxvavebul funqcias asruleben. miuxedavad imisa, rom konkretuli organizmis 
sxvadasxva qsovilis ujreds eTnairi genTa kompleqti aqvT, isini morfo-funqciurad gansxvavde-
bian. am gansxvavebas genTa sxvadasxva jgufis eqspresia ganapirobebs. CamoTvlili procesebidan na-
Telia, rom eukariotebSi genis eqspresiis regulaciis sxvadasxva meqanizmi moqmedebs (sur. 7.27). 
igi SeiZleba ganxorcieldes transkripciis, splaisingis, translaciis da sinTezirebuli cilebis 
fuqcionirebis, agreTve qromatinis konformaciis cvlilebis doneze.

eukariotul ujredSi birTvul genebs sxvadasxva tipis maregulirebeli elementi (mag., pro-
motori, enxanseri da misT.) moepovebaT, romliTac transkripciis procesi kontrolirdeba. zo-
gjer maregulirebeli elementi uSualod genSi imyofeba, zogjer genis gareT (mezoblad an sakmaod 
dacilebiT). eukariotuli genis promotors gaaCnia specifikuri modulatoruli ubnebi, romelsac 
II rnm-polimeraza amoicnobs da ukavSirdeba. sastarto wertilidan daSorebiT (25-30 n.w.) moTavse-
bulia e. w. TATA_ boqsi. amis garda mniSvnelovania CAAT da GC- boqsebi (sur. 7.28) sxvadsxva genis 
promotori gansxvavdeba modulatoruli ubnebis ricxviT, orientaciiTa da urTierTganlagebiT. 
eukariotuli genebis transkripciaSi sxva fermentebic monawileobs, kerZod I rnm-polimeraza 
(transkripirebs ribosomul genebs) da III rnm-polimeraza (transkripirebs trasportuli rnm-is ge-
nebs). im promotorebs, romlebsac es fermentebi ukavSirdebian gansxvabuli modulatoruli ubnebi 
aqvT. TiTqmis yvela genis traskripciaze zemoqmedebs da mniSvnelovnad aCqarebs process damate-
biTi maregulirebeli elementi _ enxanseri. igi aris dnm-is mcire ubani, romelic specifikur ci-
lebs ikavSirebs.

genis eqspresiis regulacia xorcieldeba steroiduli hormonebiT. igi samizne_ujredis 
plazmur membranis cilebs ukavSideba da gadaitaneba citoplazmaSi. hormoni ukavSirdeba cito-
plazmaSi arsebul specifikur cila-receptorebs da iqmneba kompleqsi ,,cila_hormoni‘‘. igi gav-
lenas axdens konkretuli genis transkripciaze an translaciaze. amdagvari kompleqsi aris specifi-
kuri moqmedebis. mag., adrenalini kunTis boWkoSi CarTavs mxolod im genebs romlebic, glikogenis 
damSlel fermentebs asinTezeben. sxva hormoni, kerZod, insulini RviZlis ujredebSi aamoqmedebs 
konkretul genebs, romlis saboloo produqtebi (fermentebi) glukozas glikogenad gardaqmnian.

7.5.3 genis natifi agebuleba
geni aris genetikuri informaciis struqturuli erTeuli, romelic funqciurad aRar iyofa. 

igi warmoadgens dnm-is (zogierT virusebSi rnm-is) monakveTs, romelic kodirebs sainformacio, ri-
bosomul an satransporto rnm-s. cneba ,,geni” 1909 wels SemoiRo v. iohanesma. genis Teoria daamuSa-
ves T. morganma da misma TanamSromlebma. maTi SexedulebiT, geni aris funqciis, rekombinaciisa da 
mutaciis elementaruli erTeuli. 

genis SeswavlaSi mniSvnelovani roli Seasrula j. bidlisa da e. tatumis gamokvlevebma (1941). 
maT puris obis sokoSi (N.crassa) rentgenis sxivebis zemoqmedebiT bioqimiuri (auqsotrofuli) mu-
taciebi miiRes. isini zogierTi nivTierebis (aminomJavebi, vitaminebi da misT.) sinTezs ver axdenen. 
mutantebis analizma cxadyo, rom konkretuli genis mutacia, kodirebuli fermentis inaqtivacias 
iwvevda, xolo nivTierebis metabolizmis jaWvSi Sesabamisi rgoli iTrguneboda. aqedan gamomdinare, 
maT Camoayalibes principi: ,,erTi geni _ erTi fermenti”. genis mier kodirebuli cila yovelTvis 
ar aris fermenti, xolo meoTxeuli struqturis cila ori da meti suberTeulisgan Sedgeba. amitom 
am dogmam Semdegi saxe miiRo: ,,erTi geni – erTi polipeptidi”. amJamad igi mxolod prokariotebze 
vrceldeba. eukariotebSi alternatuli splaisingiT erTi da imave pre-irnm-dan ramdenime gansxva-
vebuli i-rnm yalibdeba. maSasadame, erTi geniT ramdenime gansxvavebul polipeptidi kodirdeba.

saetapod aris miCneuli s. benzeris mier T4 fagze Catarebuli (1966) gamokvlevebi. genis na-
tifi struqturis gamokvlevebma saTave daudo genetikaSi molekuluri erTeulebis gamoyenebas. 
gamoirkva, rom mutaciis erTeuli (mutoni) erT wyvil nukleotids Seadgens, e. i. genSi erTi wyvili 
nukleotidis cvlileba iwvevs mutacias. rekombinaciis erTeuli (rekoni) ori wyvili nukleotidis 
tolia. ubnebis gacvla, romelic SeiZleba krosingoveris dros genis SigniT ganxorcieldes, ori 
wyvili nukleotidis tolia. funqciuri erTeuli cistroni ramdenime aTeuli nukleotiduri wyvi-
lis toli aRmoCnda. 

sadReisod dadgenilia, rom geni wrfivad ganlagebuli diskretuli ubnebisagan Sedgeba. masSi 

sur. 7.28. promotoris organizacia (eukariotis genomi). igi Seicavs sam modulatorul ele-
ments TATA - boqss, CAAT - boqss da GC - boqss, romelTac ukavSirdeba II rnm-polimeraza. 
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maregulirebel da struqturul nawils gamoyofen. genis struqturuli nawili iwyeba transkri-
fciis sastarto wertiliT da Sedgeba kodirebadi monakveTis (Seicavs informacias cilis stru-
qturis Sesaxeb) da terminatorisgan (monakveTi romelic transkrifcias wyvets). transkrifciis 
sastarto wertilidan marcxniv moTavsebulia maregulirebeli nawili. promotoris ubans proka-
riotebSi rnm-polimeraza, xolo eukariotebSi – traskrifciuli kompleqsi ukavSirdeba. 

genis kodirebad monakveTze trankrifcias (i-rnm-is sinTezi) genis eqspresia ewodeba. proka-
riotebSi yvela saxis rnm-is (i-rnm, r-rnm, t-rnm) sinTezSi erTi saxis rnm-polimeraza monawileobs. 
eukariotebSi sami sxvadasxva saxis rnm-polimeraza axorcielebs sxvadasxva tipis rnm-is sinTezs.

prokariotebs gaaCniaT erT wriuli qromosoma. genebi operonebad (transkrifciis maregu-
lirebeli erTeuli) arian dajgufebuli. operonSi struqturuli genebi garkveuli wesiT aris 
ganlagebuli. isini akodirebs fermentebs, romlebic Tanmimdevrulad sinTezis an daSlis meta-
bolur reaqciebs warmarTavs. struqturuli genebis eqspresia saerTo maregulirebeli sistemiT 
kontroldeba. maTi CarTva da gamorTva koordinirebulad xorcieldeba. prokariotebSi calkeul 
genSi warmodgenili genetikuri informacia martivad realizdeba. transkripti (i-rnm) erTian in
formacias flobs da mTlianad translirdeba. ujredis metabolizmSi geni, rogorc wesi, mxolod 
erT fermentul reaqcias akontrolebs. 

eukariotebSi erTi da imave metabolizmis gzis sxvadasxva etapis makontrolebeli genebi ope-
ronismagvar dajgufebas ar qmnis. isini, Cveulebriv, SemTxveviT arian gabneuli qromosomebSi. euka
riotebSi xSirad gvxvdeba multifermentuli kompleqsis makontrolebeli genebi e. w. geni-klaste-
rebi. eukariotul organizmebSi geni aris mozaikuri anu intron-egzonuri struqturis. amrigad, 
geni Seicavs informaciul (egzoni) da arainformaciul (introni) Tanamimdevrobebs. sinTezirebu-
li pre-i-rnm. erTian informacias flobs. pre-i-rnm-dan saboloo produqtis – momwifebuli i-rnm-
is Camoyalibeba procesingi _ (rnm-is posttraskrifciuli modificireba) rTuli procesia. mimdi-
nareobs splaisingi, kerZod pre-i-rnm-dan intronebis amoWra da egzonebis urTierTdakavSireba. 
procesingi birTvSi mimdinareobs.

7.5.4 reparacia
dnm-is stabilurobas ujredis speci-

fikuri reparaciuli sistema ganapirobebs. 
dnm-Si dazianebis aRdgena (reparacia) sxva-
dasxva sistemebiT xorcieldeba. dazianebaTa 
umetesobis koreqcia dnm-s replikaciamde 
(mag. fotoreaqtiuloba, eqsciziuri repa-
racia), zogierTis ki – replikaciis Semdeg 
(mag. rekombinaciuli reparacia) mimdinare-
obs. ultraiisferi sxivebiT zemoqmedebi-
sas dnm-is erTi jaWvis mezobel pirimidinis 
fuZeebs Soris warmoiqmneba dimerebi (ufro 
xSirad T-T dimeri). es dazianeba aRdgeba xi-
luli sinaTliT (fotoreaqtiuloba). amas
Tan, reparaciuli fermenti xleCs dimers da 
komplementur jaWvs normalur struqturas 
ubrunebs. 

eqsciziuri (laTin. excisio _ amokveTa) 
reparaciis dros dnm-dan dazianebuli ubani 
amoikveTeba. fotoreaqtiuloba da eqsciziu-
ri reparacia Secdomebis gareSe mimdinare-
obs da mutacia veRar yalibdeba. eqsciziuri 
reparacia mravalsafexuriani  rTuli fer-
mentuli procesia. calkeuli safexuri da-
fuZnebulia martiv fermentul reaqciebze. 
kargad aris Seswavlili pirimidinis dimere-
bis amokveTis meqanizmi. igi Seicavs Semdeg 
etapebs: 1. dazianebuli ubnis moZieba; 2. di-
meris axlos erTi jaWvis gaxleCa; 3. daziane-
buli ubnis amokveTa; 4. koplementuri jaWvis 
mixedviT dnm-is dazianebuli ubnis resinTe-
zi; 5. resinTezirebuli monakveTis CaSeneba 
dnm-s garRveul adgilas da erTiani wrfivi 
struqturis aRdgena. (sur. 7.29) 

sur. 7.29. reparaciis meqanizmis amsaxveli sqema. dnm-is 
struqturis postradiaciuli (ultraiisferi sxivebis - 
UV zemoqmedebis Semdgomi) reparacia. a - fotoriaqtiu-
loba; b  - eqsciziuri reparacia. c-  replikaciis Semdgomi 
reparacia.
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7.5.5 genuri inJineria
dnm-is Seswavlis meTodebidan gansakuTrebuli aRniSvnis Rirsia is meTodebi, romelTac sxva-

dasxva bunebisa da warmoSobis dnm-is fragmentebisgan axali tipis molekulebis konstruireba 
xorcieldeba. maT xSirad rekombinantul dnm-s uwodeben, xolo manipulaciebs genebze - axali ge-
netikuri struqturebis konstruirebis mizniT - genur inJinerias. am meTodebs erTnairi warmate-
biT iyeneben, rogorc prokariotebis, aseve eukariotebis mimarT, Tumca maTi SesaZleblobebi ufro 
aSkarad vlindeba eukariotuli genomebis Seswavlisas. am meTodebs safuZvlad udevs restriqciis 
fermentebis unari – daxliCos dnm-is molekula mcire fragmentebad, Semdeg ki gamoyofen sasurvel 
fragments da axdenen mis klonirebas. 

restriqciis fermentebi endonukleazebia, maTi biologiuri roli dnm-is ormagi spiralis 
orive jaWvis gakveTaSi mdgomareobs. maTi saSualebiT SesaZlebelia qromosomebis struqturis 
kvleva, dnm-is gigantur molekulaSi nukleotidebis Tanmimdevrobebis gansazRvra da, rac mTava-
ria, genuri inJineriisaTvis, klonirebisaTvis dnm-is axali molekulebis konstruireba. 

mniSvnelovania is faqti, rom restriqciis fermentebis samiznes fuZeebis wyvilebis garkveu-
li mokle specifikuri Tanmimdevroba (palindromi) warmoadgens. amasTan, am fermentebis umravle-
soba Seicnobs fuZeebis oTxidan eqvsamde wyvilis sigrZis dnm-is Tanmimdevrobebsa da orive jaWvis 
am ubanSi xleCs bmebs. 

dReisaTvis gamoyofilia da daxasiaTebulia 3000-mde restriqciuli fermenti, romelic dnm-
is 200-ze met specifikur ubaze zemoqmedebs da kveTs. fermentis saxelwodeba mikroorganizmis sa-
xeobisa da gvaris Semoklebuli dasaxelebidan warmoebuli sami asos (mag., Eco-E.coli-gan, Hin-Haemo-
philus influenzae-gan), Stamis (EcoR) da romauli cifris (im SemTxvevaSi, Tu StamSi aris ramdenime aseTi 
fermenti) kombinaciidan warmodgeba. Sesacnobi nukleotiduri Tanmimdevrobis xasiaTze, gaxleCis 
adgilze da reaqciis pirobebze damokidebulebiT restriqtazebi sam klasad iyofa: I, II da III tipis. 

dnm-is klonireba SesaZlebelia baqteriuli plazmidebisa da fagebis gasaocari unaris gamoi-
sobiT – maT genomSi dnm-is damatebiTi Tanmimdevrobebis CarTvis Semdeg isini inarCunebs normalu-
ri funqcionirebis unars. CarTva iwvevs hibriduli an qimeruli plazmidebisa da fagebis warmoqm-
nas, romlebic Sedgeba sakuTari genomisa da CarTuli ,,ucxo” dnm-is Tanmimdevrobebisagan. aseTi 
hibriduli Tanmimdevrobebi baqteriebSi replicirdeba zustad iseve, rogorc sawyisi plazmidebi 
an fagebi da amitom SeiZleba maTi didi raodenobiT miReba. Canergili fragmentebis aslebi Semdeg 
SeiZleba Svileuli ujredebidan isev gamovyoT. imis gamo, rom ,,ucxo” Tanmimdevrobebis CarTva Zi-
riTadad ar axdens gavlenas qimeruli Stamebis Tvisebebze, amitom aseTi meTodiT dnm-is nebismieri 
Tanmimdevrobis klonireba SeiZleba, e. i. fagi an plazmida uzrunvelyofs ,,ucxo” dnm-is, rogorc 
genomis inertuli nawilis, gadatanas, amitom maT xSirad uwodeben klonirebad veqtorebs. 

genebis klonirebisa da eqspresiis meTodebi gamoyenebulia bioteqnologiaSi. maT farTo aRia-
reba hpoves medicinaSic. biologiurad aqtiuri nivTierebebi, romelTa miReba mxolod Zalian mcire 
raodenobiT SeiZleboda, dRes didi raodenobiT miiReba da gamoiyeneba daavadebaTa mkurnalobisa-
Tvis. mag., insulini, romelic miiReba E.coli-Si CarTuli adamianis insulinis genis saSualebiT, gamo-
cades adamianebze. igi adamianis janmrTelobisaTvis usafrTxo aRmoCnda. Tu adre interferonebi 
miiReboda adamianis leikocitebidan mcire raodenobiT, amJamad misi warmoeba mimdinareobs rekom-
binantuli dnm-is teqnologiis safuZvelze. am ukanasknelis gamoyenebiT miiReba, agreTve, zrdis 
hormoni da sxvadasxva vaqcina. (damatebiT ix. Tavi 10.2)

7.5.6 ujreduli inJineria
meTodebis sxva jgufi, romelic gamoyenebulia ujredul inJineriaSi saSualebas iZleva mi-

viRoT Sidasaxeobrivi da saxeobaTaSorisi hibridebi. muSaoba mimdinareobs rogorc mcenareuli, 
aseve cxoveluri ujredebis kulturebze. 

ujredebis Serwymis procesi zogadi movlenaa da igi SeiZleba inducirebuli iyos cxovelur 
ujredebSi, mcenareebis protoplastebsa da mikroorganizmebSi. protoplastebis (membraniT Semo-
fargluli citoplazmuri warmonaqmnebi Sidaujreduli organoidebiT) Serwymis induqciis meTo-
debis SemuSavebam dasabami misca mcenareTa hibridizaciis _ paraseqsualuri anu somaturi hibri-
dizaciis Zalze saintereso da perspeqtiul meTods. am meTodis arsi imaSi mdgomareobs, rom sawyis 
masalad gamoiyeneba ara sasqeso ujredebi (gametebi), aramed mcenaris sxeulis (vegetatiuri) ujre-
debi, romlebidanac Rebuloben protoplastebs (ar gaaCniaT ujredis kedeli). sqesobrivi Sejvare-
bisagan gansxvavebiT (hibrids mxolod dedis citoplazma aqvs), somaturi hibridizaciis dros war
moqmnil hibrids orive partnioris citoplazma gaaCnia.

mcenareTa qsovilebis kulturebis saSualebiT SeiZleba sasoflo-sameurneo kulturebis 
jiSebis gaumjobeseba: daavadebisa da garemos araxelsayreli pirobebis mimarT maTi mdgradobis, 
saqarozisa da saxameblis Semcvelobisa da mosavlianobis zrda. am meTodiT SeiZleba produqtiuli 
merqniani jiSebis gamoyvana da sxv. 
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ujredebis Serwymis gziT, ZuZumwovrebis ujredebis Sidasaxeobrivi an saxeobaTaSorisi hi-
bridebis miReba meTodurad ufro advilia, vidre mikroorganizmebis an mcenareebis. es ganpirobe-
bulia ZuZumwovrebis ujredebSi ujreduli kedlis uqonlobiT. 

ZuZumwovrebis ujredebis Serwymis erT-erTi meTodi amJamad farTod gamoiyeneba bioteqno-
logiaSi. es aris ujreduli xazebi (e. w. ,,hibridomebi”)., romlebic miRebul iqna mielomis (simsivnu-
ri) da antisxeulebis gamommuSavebeli ujredebis hibridizaciis Sedegad. maTi saSualebiT awarmoe-
ben monoklonur antisxeulebs. meTodi, romelic SemuSavda kembrijSi c. milSteinisa da sxvaTa mier 
(1975 w.), dafuZnebulia mielomis ujredebTan Serwymis gziT antisxeulebis mwarmoebeli ,,ukvdavi” 
ujredebis Seqmnaze. 

monoklonuri antisxeulebi gamoiyeneba adamianis sxvadasxva daavadebis diagnostikasa da Te-
rapiaSi. mag. simsivnis antigenebis mimarT antisxeulebi (toqsinebTan kovalenturad dakavSirebu-
lebs maT imunotoqsinebs uwodeben) SeiZleba gamoviyenoT adamianis organizmSi simsivnuri ujrede-
bis gasanadgureblad (ix. Tavi 10). 

7.6 adamianis genetikis sakiTxebi
adamianis genetikur Seswavlas didi Teoriuli da praqtikuli mniSvneloba aqvs. is fundamen

turi dargia, vinaidan CvenTvis yvelaze mniSvnelovan, ganviTarebis umaRles safexurze mdgom obi-
eqtSi – adamianSi swavlobs memkvidreobisa da cvalebadobis kanonzomierebebs. amdenad, miRebul 
Sedegs aqvs zogadgenetikuri mniSvneloba. adamianis genetikis gamoyenebiTi mniSvneloba imiT ga-
moixateba, rom mopovebuli miRwevebi medicinaSi inergeba. amdenad, adamianis genetika Tanamedrove 
medicinis erT-erTi Teoriuli safuZvelia.

adamianis genetikas safuZveli Cauyara frensis galtonma, 1865 wels gamoqveynebuli naSromiT 
,,niWisa da niSan-Tvisebebis memkvidreoba”. igi statistikuri meTodebiT ikvlevda niSan-TvisebaTa 
memkvidreobas adamianSi da Camoayaliba mimarTuleba – evgenika, rac miznad isaxavda adamianTa 
modgmis gaumjebesebas. 1876 wels adamianis genetikaSi man Semoitana tyupTa meTodi. galtonma pir-
velma Seiswavla adamianis identifikaciis SesaZlebloba TiTis anabeWdebiT, Seqmna daqtiloskopi-

isa da dermatoglifikis meTodologia. 

77.6.1 adamianis genetikis Ta-
visebureba da kvlevis meTodebi

adamianis genetikaSi iyeneben kla-
sikur _ tradiciul da uaxles meTo-
debs. adamianis genetikuri Seswavla 
ramdenadme gaZnelebulia Semdeg gare-
moebaTa gamo: 1. SeuZlebelia genetikuri 
analizisaTvis saWiro mizanmimarTuli 
Sejvarebebis Catareba; 2. dauSvebelia 
mutaciis eqsperimentuli inducireba; 
3. sqesobriviad gvian momwifebis gamo 
TaobaTa monacvleoba xangrZlivia. mSo-
blebsa da Svilebs Soris Sualedi saSua-
lod 20-25 welia; 4. STamomavloba mci-
rericxovania. col-qmars saSualod 2-3 
Svili hyavT; 5. SeuZlebelia sxvadasxva 
ojaxSi STamomavalTa ganviTarebis 
erTnairi da kontrolirebadi pirobebi 
Seiqmnas; 7. aqvs SedarebiT mravalricxo-
vani (2n=46) qromosomebi. 

adamianSi genetikur analizs axde-
nen genealogiuri, tyupTa, populaciuri, 
citogenetikuri, imunuri, bioqimiuri, 
molekulur-biologiuri, ontogenezu-
ri, somatur ujredTa hibridizaciis da 
sxva meTodebiT. am meTodebis gamoye-
nebiT adamianSi memkvidreobisa da cva-
lebadobis mravali kanonzomierebaa 
Seswavlili. amJamad adamianSi genetiku-
ri kvlevis meTodebs kompleqsurad iye-

sur. 7.30. adamianis sagvartomo nusxis Sesadgenad gamoyeneb-
uli simboloebi.
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neben, Tumca zogierT maTgans warmatebiT Caenacvla swrafi, iafi da gacilebiT sarwmuno Sedegebis 
momcemi molekulur-genetikuri meTodebi. gavecnoT genetikuri analizis ZiriTad meTodebs. 

genealogiuri meTodi. adamianis genetikur kvlevaSi, eqsperimentuli genetikis sxva dar
gebisagan gansxvavebiT, SeuZlebeli da imavdroulad moralurad miuRebelia hibridologiuri me-
Todis gamoyeneba. aRniSnuli meTodis erTgvari nairsaxeoba – genealogiuri (sagvartomo nusxis 
Sedgena) meTodi gamoiyeneba. igi pirvelad galtonma SeimuSava da danerga adamianis genetikaSi. ge-
nealogiuri meTodiT Sesaswavli niSnis memkvidreobis xasiaTs Seiswavlian ojaxuri monacemebis sa-
fuZvelze. am meTodSi pirobiTad or etaps arCeven _ sagvartomo nusxis Sedgenasa da genealogiur 
analizs. sagvartomo nusxis Sedgenisas gamoiyeneba, sayovelTaod miRebuli, specialuri simboloe-
bi (sur. 7.30). 

genealogiuri meTodis sanimuSo magaliTia X-SeWiduli recesuili niSnis (hemofiliis) memkvi-
dreobis xasiaTis dadgena sagvartomo nusxiT inglisis dedofal viqtorias STamomavlebSi. cno-
bilia, rom daavadebis faruli matarebeli (heterozigota) inglisis dedofali viqtoria iyo. misi 
erTi vaJi – leopoldi, hemofiliiT iyo daavadebuli, xolo ori qaliSvili (alisa da beatrisa) 

daavadebis faruli 
matarebeli (hete-
rozigota) aRmoCn-
da. SemdgomSi, evro-
pis samefo gvaris 
warmomadgenlebTan 
qorwinebis Sedegad, 
recesiuli geni ga-
vrcelda germaniis, 
espaneTis, ruseTis 
samefo dinastiebSi. 
amitomac daavadebis 
am formas samefo he-
mofiliis saxelwo-
debiT moixsenieben. 
(ix. sur. 7.31)

genealogiuri 
meTodiT SesaZle-

belia Teoriuli da praqtikuli problemebis gadawyveta. kerZod: 1. memkvidreobis xasiaTis dad-
gena (monogenuria Tu poligenuri); 2. memkvidreobis tipis gansazRvra (autosomur-recesiuli an 
dominanturi; X-SeWiduli_recesiuli an dominanturi; Y_SeWiduli. (ix. sur.32-33); 3. genTa ur-
TierTqmedebis formebis dadgena; 4.genTa SeWidulobisa da qromosomaSi maTi lokalizaciis dad-
gena. 

tyupTa meTodi. genetikuri analizis meTodTa Soris igi uZvelesia. adamianis genetikaSi 
pirvelad galtonma Semoitana da mas mniSvneloba amJamadac ar daukargavs. am meTodiT fenotipis 
Camoyalibebaze (genotipis fenotipuri realizaciis procesi) garemo faqtorebis (ekologiuri, 
socialuri) rols sazRvraven, aseve iyeneben fenotipuri cvalebadobisa da reaqciis normis Se-
saswavlad. adamianTa tyupebi gansxvavebuli warmoSobisaa. arCeven monozigotur (viTardebian erTi 
kvercxujredidan) da dizigotur (viTardebian sxvadasxva kvercxujredidan) tyupebs. yoveli 1000 
axalSobilidan 10 tyupia, maT Soris 25% monozigoturia. zogjer zigotis danawevrebis sxvadasxva 
stadiaze blastomerebi erTmaneTs scildebian da dasabams aZleven or, iSviaTad met embrions. aseT 
tyupebs identuri genotipebi aqvT. isini erTi sqesisani arian da fenotipurad Zlier hgvanan erTma-

sur. 7.31. dedofal viqtorias genialogia. mocemulia zogierTi ojaxi.

sur. 7.32. autosomur-recesiuli niS-
nis memkvidreoba. sur. 7.33. autosomur-dominanturi niSnis memkvidreoba.
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neTs. monozigotur tyupebs Soris gansxvaveba garemo pirobebiTaa gamowveuli. 
dermatoglifikis meTodi. TiTis baliSebze, aseve xelsa da fexis gulze ganviTarebuli 

epidermisis wanazardebi specifikur xazebs qmnis, romelic mkacrad determinirebuli da indivi-
dualuri niSania. mas Seiswavlis dargi _ dermatoglifika. dedamiwaze ar moiZebnebian iseTi adamia-
nebi, kanis erTnairi moxazuloba rom aReniSnebodeT. 

kanis reliefis ganviTarebas polimeruli genebi gansazRvravs. polimerul genTa raodenobi-
Ta da maTi urTierTqmedebiT imdenad nairgvari kombinaciebi miiReba, rom yovel adamians unikalu-
ri, mxolod misTvis damaxasiaTebeli kanis reliefi uviTardeba. zogierTi memkvidruli daavadebis 
(mag., daunis sindromi da sxv.), an ganviTarebis mankebis dros kanis reliefi specifikurad icvleba. 
es meTodi gamoiyeneba klinikur medicinaSi, rogorc erT-erTi damxmare testi. 

populaciuri meTodi. meTodis fuZemdeblebi arian ingliseli maTematikosi j. hardi da 
germaneli eqimi v. vainbergi. am meTodiT ikvleven calkeuli genis gavrcelebis sixSires popula-
ciebSi. adgenen populaciis genetikur struqturas, swavloben im faqtorebsa da kanonzomierebebs, 
romlebic apirobeben genTa sixSiris SenarCunebas an cvlilebas TaobaTa manZilze. ikvleven adamia-
nis calkeuli populaciis heterogenulobisa da polimorfizmis dones. ukeTaa Seswavlili sisxlis 
AB0 jgufis alelTa gavrceleba sxvadasxva populaciaSi. varaudoben, rom I genis konkretul alel-
Ta nairgvari koncentracia infeqciuri daavadebebis mier sxvadasxva genotipebis SerCeviTi elimi-
naciis Sedegia. I0 alelis koncentraciis daqveiTeba zogierT populaciaSi Savi Wiris epidemiebma 
gamoiwvia. IAalelis koncentraciis daqveiTebas yvavilis epidemiebs ukavSireben, romelmac upira-
tesad A antigenis mqone pirTa eliminacia gamoiwvia.

populaciuri meTodiT axdenen konkretuli genotipebis adapturi mniSvnelobis gansazRvras. 
mag., genetikuri anomalia-namglisebrujredovani anemia. heterozigotebs malaria ar emarTebaT, 
gadarCeva heterozigotebSi HbS alelis SenarCunebis gziT mimdinareobda da xdeboda homozigo-
tebis eliminacia. 

asxvaveben populaciaSi genis gavrcelebis or kategorias: 1.universaluri gavrcelebis, ro-
desac genebi metnaklebi sixSiriT umetes populaciebSi gvxvdeba. mag., daltonizmis, rigi fermen-
topaTiebis (mag. fenilketonuria, galaqtozemia da a.S.), hemofiliis da sxva paTologiebis gamomwvev 
genebs. 2. lokaluri gavrcelebis. mag., namglisebrujrediani anemiis gamomwvevi geni gvxvdeba tro-
pikul afrikasa da indoeTSi, xmelTaSua zRvis auzis qveynebSi, sadac malaria iyo gavrcelebuli (ix. 
sur. 11.7). 

bioqimiuri meTodebi. molekuluri biologiis swrafi ganviTarebis Sedegad bioqimiuri 
meTodebi daixvewa da farTod dainerga adamianis genetikaSi, ramac am dargis aRmavlobas Seuwyo 
xeli. bioqimiuri meTodebiT swavloben rogorc genuri mutaciebiT gamowveul memkvidrul daava-
debebs, ise genis sxvadasxva alelebis normaluri pirveladi produqtis polimorfulobas. am me-
TodebiT gamovlenilia nivTierebaTa cvlis darRveviT gamowveuli 1000-ze meti daavadeba. mravali 
maTganisaTvis gansazRvrulia genis pirvelad produqtSi momxdari anomaliuri cvlileba. ama Tu 
im nivTierebis metabolizmis sxvadasxva etapis blokireba organizmSi am produqtebis deficits 
iwvevs. amasTanave, grovdeba Sualedi produqtebi. fermentis defeqts Sardsa da sisxlSi Sesabamisi 
metaboluri produqtis arsebobis mixedviT adgenen. 

bioqimiuri meTodebiT SesaZlebelia riskis jgufebis (col-qmari, romelsac daavadebis ga-
momwvevi aleli heterozigotur mdgomareobaSi aqvs) gamovlena. mag., bioqimiuri analiziT nor-
maluri da anomaliuri hemoglobinis identificirebas axdenen. aseve prenatalurad an uSualod 
dabadebis Semdeg SesaZlebelia paTologiis gamovlena da specifikuri samedicino RonisZiebebis 
Catareba (mag., fenilketonuriis, galaqtozemiis da sxv. SemTxvevebSi).

citogenetikuri meTodi. adamianis qromosomaTa diploiduri kompleqtis raodenoba 
(2n=46) srulyofilad j. tiom da a. levanma (1955) gansazRvres. adamianis yvela autosomur qromo-
somas zomis, formis, centromeris mdebareobiT ajgufeben, e. i. adgenen kariogramas. yvela auto-
somur qromosomas aqvs rigobrivi nomeri 1-dan 22-is CaTvliT (cifri homologiur qromosomaTa 
wyvils aRniSnavs). sasqeso qromosomebi X da Y simboloebiT aRiniSneba. X qromosoma didi zomisaa, 
Y ki – patara. 

citogenetikuri kvlevisaTvis masalad adamianis sxvadasxva qsovilis (periferiuli sisxlis 
limfocitebi, Zvlis tvinis ujredebi, fibroblastebi, simsivnis ujredebi, embrionis qsovilebi 
da sxv.) ujredebs iyeneben. qromosomebi maqsimaluradaa spiralizebuli metafazis stadiaze, advi-
lia calkeuli qromosomis formis, zomis Seswavla da maTi ricxvis gansazRvra (sur. 7.34). metafa-
zuri qromosomebis analiziT sazRvraven qromosomebis raodenobas, adgenen qromosomaSi momxdar 
struqturul cvlilebas. 

sasqeso X-qromosomis ricxvis cvlilebas adgenen interfazul birTvSi _ sasqeso qromati-
nis gansazRvris meTodiT. X-sasqeso qromatini (e. w. baris sxeulaki) aris interfazuli birTvis 
garsTan mdebare patara zomis diskos formis sxeulaki. sasqeso X-qromatini m. barma da C. bertramma 
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(1949) aRmoaCines. sasqeso qroma-
tini spiralizebuli inaqtivi-
rebuli X qromosomaa. qalebSi 
erT-erTi X qromosoma inaqti-
virebulia sasqeso qromatinis 
saxiT, ris gamoc qalebisa da ma-
makacebis sasqeso qromosomebSi 
Tanabari raodenobis aqtiur gen-
Ta balansi iqmneba. qalis norma-
luri kariotipi or X qromosomas 
Seicavs, erT-erTi maTganidan sa-
sqeso qromatini yalibdeba. amri-
gad, birTvSi sasqeso qromatinis 
raodenoba X sasqeso qromosome-
bis raodenobaze erTiT naklebia. 
mag., normaluri mamakacis birTvs 
igi ar gaaCnia. Tu qalis kario-
tipia 45,X, maSin masac ar gaaCnia 
sasqeso qromatini. sasqeso qro-
matinis gansazRvris meTods iye-
neben rogorc samedicino geneti-
kaSi, ise sasamarTlo medicinaSi 
(rodesac sisxlis laqis mixedviT 
sqesis dadgena undaT an rode-
sac saWiroa gansazRvron sqesi, 
napovni gvamis nawili qalisaa Tu 
mamakacis). 

citogenetikuri meTodiT 
SesaZlebelia: 1. kariotipisa 
da normaluri qromosomis mo
rfologiis Seswavla; 2. sqesis 
dadgena; 3. aneuploidiisa da 
qromosomuli aberaciebiT ga-
mowveuli qromosomuli daavade-
bebis diagnostireba; 4. qromosomul da genomur doneze mutaciuri procesis Seswavla;5. prenata-
lurad, dabadebamde, qromosomul daavadebaTa diagnostireba. 

somatur ujredTa genetikis meTodebi. adamianis somatur ujredTa genetikas 60-ian 
wlebSi Caeyara safuZveli. adamianis somaturi ujredebi Seicavs qromosomaTa diploidur kom-
pleqts. bunebrivia, individis mTeli genetikuri informacia masSia moTavsebuli. somatur ujre-
debs sxvadasxva organoebidan (kani, Zvlis tvini, periferiuli sisxli, simsivnis qsovili, embrionis 
qsovilebi, amnionur siTxeSi arsebuli ujredebi da a.S.) biofsiiT gamoyofen. ujredebs amravleben 
xelovnur sakveb areze da qsovilTa kulturas Rebuloben. masSi genetikuri analizis sxvadasxva 
(citogenetikuri, bioqimiuri, imunologiuri, molekulur-genetikuri) meTodiT ikvleven mraval 
iseT genetikur process, romlis analizi uSualod adamianis organizmSi SeuZlebelia. 

atareben rogorc adamianis gansxvavebuli genotipis, ise adamianis da cxovelTa (maimuni, vir-
Tagva, zazuna, qaTami, koRo da sxv.) ujredTa Soris hibridizacias. Soreuli hibriduli ujredebis, 
Semdgomi gamravlebis procesSi erT-erTi saxeobis qromosomebi (mag., ,,adamiani-Tagvis” hibridul 
ujredebSi adamianis) qromosomebi TandaTanobiTi ikargeba. hibriduli ujredebidan adamianis qro-
mosomebis TandaTanobiTi dakargvisa da paralelurad maTSi genebis etapobrivi gansazRvriT adge-
nen genis lokalizacias qromosomaSi da SeWidul genTa jgufebs sazRvraven. nayofis ujredebidan 
miRebul qsovilur kulturaSi Catarebuli analiziT bavSvis dabadebamde SesaZlebelia 100-ze meti 
daavadebis diagnostireba. 

somatur ujredTa genetikis meTodebiT adgenen: 1. genTa SeWidulobas da sazRvraven genis 
lokalizacias qromosomaSi; 2. genTa urTierTmoqmedebas;3. genis moqmedebis regulacias; 4. memkvi-
druli daavadebebis paTogenurobas molekulur da ujredul doneze; 5. prenatalurad memkvidrul 
daavadebaTa zust diagnostirebas. 

molekuluri biologiis meTodebi. adamianis genetikis kvlevaSi didi gardatexa Seita-
na molekuluri biologiis meTodebis danergvam. molekuluri biologiis meTodebiT xorcieldeba 
rogorc struqturuli genebis gamoyofa da sekvenireba, ise maTi klonireba. struqturuli genis 

sur. 7.34. a. adamianis (mamakacis) kariotipi da kariograma. b.idiograma 
denveris klasifikaciis mixedviT
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Semcveli adamianis dnm-is fragments plazmidaSi aTavseben da am gziT CarTaven baqteriis genomSi. 
genmodificirebuli baqteria axdens aRniSnuli struqturuli genis Sesabamisi produqtis sinTezs. 
am mimarTulebis ganviTareba genis anomaliuri produqtiT gamowveuli zogierTi memkvidruli da-
avadebis Terapiis perspeqtivas iZleva. i-rnm-dan ukutranskripciis meTodebiT miRebulia dnm-is 
zondebi. pacientis dnm-Tan maTi hibridizaciiT SesaZlebelia saziano genuri mutaciis zusti iden-
tificireba da daavadebis diagnozireba. meTodebis Semdgomi srulyofiT SesaZlebeli gaxdeba da-
zianebuli mutanturi lokusebis normaluri alelebiT Secvla. am mimarTulebiT isaxeba genuri 
Terapiis didi perspeqtivebi. 

udides mecnierul miRwevad aris aRiarebuli saerTaSoriso proeqtis ,,adamianis genomi” 
ganxorcieleba. 2000 wels dasrulda adamianis genomis kvlevis pirveli etapi. gamoqveynda genomis 
dnm-is Tanmimdevrobis samuSao varianti. 2001 wlisaTvis genomis euqromatinuli ubnebis (Seicavs 
struqturul genebs) 96%-Si dnm-is Tanamimdevroba gansazRvres. 2003 wels gamoqveynda genomis sa-
boloo versia. genomi 6.4 miliard nukleotids Seicavs. genomis mxolod 5% kodirebs cilebs, xolo 
50% tranpozonis magvar ubnebs uWiravs. genTa didi simWidroviT me-19 qromosoma xasiaTdeba, yve-
laze mcireTi ki _ Y da mecamete qromosomebi. varaudoben, rom adamianis genomi daaxloebiT 25.000-
mde struqturul gens Seicavs. adamianis genomis Seswavla grZeldeba. miaCniaT, rom mowodebuli 
Sedegebi mcire farglebSi Seicvleba. sruliad moulodnelad gamovlinda, rom xerxemlianebisa da 
maT Soris adamianis genomSi aseulobiT geni baqteriebidan aris moxvedrili. Tu ra gziT ganxor-
cielda am genebis gadatana xerxemlianebSi, amoucnobia. 

7.6.2 niSnebis memkvidreoba adamianSi
adamianis genomi tipuri eukariotuli genomia, genetikur informacias dnm Seicavs, romelic 

ZiriTadad qromosomebSia moTavsebuli, mcire raodenobiT ki – mitoqondriebSi. adamianis norma-
luri kariotipi 46 qromosomisagan Sedgeba, maT Soris 44 autosomaa, ori ki sasqeso (X,Y). gamovleni-
lia 24 (qals aqvs 23, mamakacs ki 24) genTa SeWiduli jgufi. 22 jgufi autosomebSia ganlagebuli, ori 
ki sasqeso X (lokalizebulia 1400-mde geni) da Y qromosomaSi (lokalizebulia 50-mde geni). Sedge-
nilia adamianis qromosomebis genetikuri rukebi. masSi aseulobiT lokusia identificirebuli da 

kartirebuli.
adamianSi X da Y qro-

mosomas boloebze aqvT ho-
mologiuri ubnebi da maT 
Soris krosingoveri mimdi-
nareobs. sasqeso qromoso-
mebSi lokalizebul genebs 
sam jgufad yofen: pirvel 
jgufSi aerTianeben sqe-
sTan SeWidul im genebs, 
romlebic mxolod X qro-
mosomaSia lokalizebuli. 
misi homologiuri ubnebi 
Y qromosomas ar gaaCnia. am 
jgufis genebi sruladaa 
SeWiduli sqesTan da STamo-
mavlobas mxolod X qromo-
somis meSveobiT gadaecema. 
meore jgufs miekuTvneba 
mcire jgufi im genebisa, 
romlebic mxolod Y qro
mosomaSia lokalizebuli 
da holandrulad memkvi-
dreobs, vlindeba mxolod 
mamakacebSi. niSani mamidan 
vaJiSvils gadaecema (mag., 
ixtiozi, fexis TiTebs So-
ris apkis ganviTareba; yuris 
niJaris gareTa kidis Tmia-
noba - hipertriqozi da sxv.). 
mesame jgufs miekuTvneba 
genebi, romlebic orive sa-

cxrili 7-1
zogierTi niSnis monogenuri memkvidreoba adamianSi

 niSnebi
M memkvidreobis tipi

 dominanturi  recesiuli

 Tvalis feri Taflisferi  cisferi

 Tvalis Wrili swori  iribi

Mmxedveloba axlomxedveli  normaluri

 cxviris forma kexiani  normaluri

 nestoebi farTo  viwro

 yuris bibilo Sezrdili  CamoSvebuli

 hipertrixozi  aris  ar aris

 loyis Rrmuli aris  ar aris

 saxis forma mMrgvali  ovaluri

 Tavis forma  mrgvali  ovaluri

 qveda tuCi  msxvili  normaluri

 Tmis gaTeTreba  naadrevi  normaluri
 enis miliseburad
Cazneqva

aris Aar aris

Eenis ukan gadaxris
unari

Aaris  ar aris

 siqaCle AkacebSi  qalebSi
 TeTri kululi 
SublTan

A aris Aar aris

 Worflianoba A aris Aar aris

Qwamwamebi  grZeli mokle

 xelis xmareba memarjvnia cacia

TiTebis zoma Mmokle (braqidaqtilia) normaluri

xma qalebSi soprano alti

xma kacebSi bani tenori
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sqeso (X da Y) qromosomis homologiur ubnebSia ganlagebuli. am genebiT gansazRvrul niSnebs sqe-
sTan arasrulad SeWidul niSnebs uwodeben. krosingoveris Sedegad warmoiqmneba am genebis rekom-
binacia. 

genebis normaluri alelebi ganapirobeben adamianis fizikur da fsiqikur janmrTelobas. ge-
nebi gansazRvraven: sxeulis agebulebas, simaRles, sxeulis masas, Tavisa da sxeulis formas, ConCxis 
agebulebis Taviseburebas, kanisa da Tmis fers, daavadebebisadmi mdgradobas, siarulisa da dgomis 
maneras, sisxlis jgufobriobas, ujredis bioqimiur aqtivobas, mecnierebisa da xelovnebis ama Tu 
im dargisadmi midrekilebas da a.S. genis cvlileba-mutacia adamianSi metwilad uaryofiT Sedegs 
iwvevs. rogorc yvela organizmSi, adamianSic TiToeuli niSani an Tviseba genebiTaa determinirebu-
li. organizmis yvela somaturi ujredi erTnair genetikur masalas Seicavs. sxvadasxva genis eqspre-
sia ontogenezis sxvadasxva etapze xdeba. zogierTi geni ganviTarebis adreul safexurze iwyebs 
moqmedebas, zogic – gvian. heterozigotur mdgomareobaSi zogierTi recesiuli genis eqspresia sa-
erTod ar mimdinareobs. yovelive amis gamo erTi ganayofierebuli ujredidan – zigotidan yalib
deba fenotipurad gansxvavebuli ujredebi, romlebic dasabams aZlevs sxvadasxva qsovilsa da or-
ganos. 

adamiani didi heterogenulobiT xasiaTdeba. masSi vxvdebiT alelur genTa urTierTqmedebis 
yvela formas: srul da arasrul dominantobas, zedominantobas, kodominantobas; araalelur genTa 
urTierTqmedebis yvela formaa gamovlenili adamianSi. kargadaa Seswavlili mono- da poligenuri, 
pleiotropuli niSnis gansazRvris tipi. am genetikur kanonzomierebebs wina paragrafebSi ukve ga-
vecaniT. 7-1 cxrilSi warmodgenilia zogierTi niSnis memkvidreoba adamianSi, romelsac sxvadasxva 
genis alelebi gansazRvraven (e. w. mendeliseuli niSnebi).

rezus faqtoris memkvidreoba
1940 wels maimun makaka rezusis (Macacus rhesus) eriTrocitebidan gamoyves antigeni, romel-

sac rezus faqtori (Rh-faqtori) uwodes. mogvianebiT igi adamianSic aRmoaCines. TeTrkaniani mo-
saxleobis 85%-s aqvs es faqtori, e. i. arian rezus-dadebiTi (Rh+), 15% ki – rezus-uaryofiTia (Rh-), 
e. i. antigeni ar gaaCniaT. Seswavlilia am niSnis gavrcelebis sixSire saqarTvelos sxvadasxva kuTxis 
mkvidr mosaxleobaSi. Rh+ fenotipis sixSire populaciaSi sakmaod maRalia da 76,7%-dan 93,1%-mdea. 
rezus-uaryofiTi sisxlis mqone pirebSi rezus-faqtorisadmi antisxeulis gamomuSaveba ar xdeba, 
magram igi warmoiqmneba ucxo antigenze TavdacviTi reaqciis Sedegad, Tu mas rezus-dadebiT sisxls 
gadavusxamT. rezus faqtoris memkvidreobas gansazRvravs pirvel qromosomaSi lokalizebuli sami 
C, D, da K Zlier SeWiduli geni, ris gamoc am niSnis memkvidreoba monogenuri xasiaTisaa. rezus-
dadebiT faqtors genis dominanturi alelebi gansazRvraven, xolo uaryofiTs – recesiuli ale-
lebi. 

rodesac rezus-uaryofiT dedas 
rezus-dadebiTi jgufis Svili uCndeba, 
pirveli mSobiaroba SeiZleba normalu-
rad warimarTos. Tu dedis sisxlSi na-
yofis sisxli moxvda (placentis kedlis 
dazianebis gamo), qalis sxeulSi war-
moiqmneba Rh+ faqtorisadmi antisxeu-
lebi. momdevno orsulobis dros an-
tisxeulebi nayofis sisxlSi gadadis da 
Slis Rh+ antigenis mqone eriTrocitebs. 
yoveli momdevno orsulobisas Rh+ an-
tigenTan SeuTavsebeli antisxeulebis 
raodenoba matulobs. zogjer embrioni 
iRupeba, bunebrivia, Tu is Rh+-ia. aRini-
Sneba mkvdradSobadobac. nayofSi dedis 
sisxlis SeWris SemTxvevaSi hemolizuri 
daavadeba viTardeba (sur. 7.35).

7.6.3 genetika da medicina
adamianis genetikis ganviTarebam 

4000-mde memkvidruli daavadeba gamo-
avlina. adamianis genetikaSi Camoyalibda 
calke dargi – samedicino genetika. Tu 
adamianis genetika nebismier niSan-Tvi-
sebaTa memkvidreobis kanonzomierebebs 

sur. 7.35. rezus faqtoris memkvidreoba da hemolizuri daa-
vadeba axalSobilebSi. a. mama- rezus dadebiTi (Rh+). b. deda 
rezus uaryofiTi (Rh-). c. pirveli orsuloba. Rh+ antigeni 
Sedis dedis sisxlis mimoqcevis sistemaSi da warmoiqmneba 
rezus-antisxeulebi. vinaidan maTi raodenoba mcirea ,nor-
maluri bavSvi ibadeba. d. meore orsuloba. xdeba nayofiT 
dedis damatebiTi imunizireba. rezus-antisxeulebis raode-
noba matulobs. dedidan isini gadadian nayofis sisxlis mimo-
qcevis sistemaSi da Slian eriTrocitebs (eriTroblastozi) 
nayofi iRupeba.
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ikvlevs, samedicino genetika Seiswavlis paTologiur niSan-TvisebaTa memkvidreobas, daavadebaTa 
warmoSobis mizezebs, ojaxebSi memkvidreobis xasiaTs, gavrcelebas populaciebSi, ujredul da mo-
lekulur doneze mimdinare specifikur procesebs, aseve ikvlevs memkvidrul daavadebaTa paToge
nezs, klinikis, profilaqtikisa da mkurnalobis sakiTxebs. mravali daavadebis mkurnalobas dRes 
ukve maTi memkvidruli bunebis gamokvleviT da molekulur-genetikuri meqanizmebis SeswavliT 
iwyeben.

memkvidrul daavadebaTa mizezia genetikur aparatSi momxdari cvlilebebi: genuri da geno-
muri mutaciebi, qromosomuli aberaciebi. adamianSi memkvidreobiTi paTologia sxvadasxva asakSi 
iCens Tavs. mravali daavadeba da Tandayolili anomaliebi ganviTarebis embrionul periodSi yalib-
deba, nawilic postnatalur periodSi; metnawilad isini bavSvebSi vlindeba, zogierTi ki mowiful 
da xandazmul asakSi iCens Tavs. magaliTad, fridrixis ataqsia 6-12 wlis asakis bavSvebSi vlindeba, 
naTxemis ataqsia 20-30 wlis asakSi, xolo podagra (nikrisis qari) mowiful da xandazmul asakSi. 

zogierTi memkvidruli daavadebis adreuli diagnostirebiT da drouli klinikuri CareviT, 
medikamenturi an dieturi mkurnalobiT SesaZlebelia Tavidan aviciloT daavadebis Semdgomi gan-
viTareba da avadmyofis sikvdili. magaliTad, sakvebi racionidan im nivTierebebis gamoricxviT, ro-
melTa cvlac darRveulia galaqtozemiiT (rZis Saqris SeuTvisebloba) an fenilketonuriiT (aro-
matuli aminmJavebisadmi mgrZnobeloba) daavadebul axalSobilebSi, SesaZlebelia ganviTarebis 
normalizeba da arasasurveli Sedegebis Tavidan acileba. didi mniSvneloba aqvs memkvidrul daava-
debaTa adreul (prenatalur) periodSi diagnostirebas. saTanado samedicino-genetikuri konsul-
taciiT SesaZlebelia paTologiuri niSniT heterozigoturi colqmruli wyvilis an qromosomuli 
anomaliis mqone pirTa gamovlena, rac Tavidan agvacilebs arasasurvel Sedegebs. 

ukanasknel periodamde memkvidruli daavadebebi ukurneblad miaCndaT. SemuSavebuli Ronis-
ZiebebiT mxolod simptomebis Tavidan acileba xdeboda. genuri inJineriis ganviTarebam am saxis 
daavadebaTa mkurnalobaSi axali perspeqtivebi gamoavlina. amJamad Camoyalibebulia axli dargi _ 
genoTerapia. misi meSveobiT SesaZlebelia daavadebuli adamianis ujredSi gaswordes an Seicvalos 
dazianebuli genetikuri masala. moviyvanT erT sanimuSo magaliTs.

genuri TerapiiT SeZles ori sxvadasxva saxis imunodeficituri (SCID) daavadebisgan pacient-
Ta gankurneba. avadmyofebs ar moepovebaT funqciurad aqtiuri B da T limfocitebi. faqtobrivad, 
avadmyofebSi imunuri sistema umoqmedoa. isini iRupebian iseTi infeqciebisgan, romelic janmrTe-
li adamianisaTvis usafrTxoa. pirveli warmatebuli mkurnaloba 1990 wels Catarda. sami wlis aSani 
de silva ganikurna imunodeficituri (SCID) daavadebisgan. ADA genis mutaciis gamo limfociteb-

Si ar sinTezirdeba fermenti adenozin-
dezaminaza. pacientidan gamoyofil T 
limfocitebSi Seitanes normaluri geni. 
modificirebuli ujredebi pacients 
sisxlSi Seuyvanes. mkurnalobis kursi 
warmatebuli aRmoCnda. 2000 wels aseve 
warmatebiT dasrulda X-qromosomasTan 
SeWiduli imunodeficitiT (SCID) daava-
debul pacientTa mkurnaloba (sur. 7.36). 
gamoyenebuli meTodebi ar aris unak-
lo. igi srulyofasa da daxvewas saWiro-
ebs. 1999 wels pacienti adenovirusuli 
veqtoriT gamowveuli Zlieri imunuri 
reaqciis Sedegad gardaicvala, xolo 
2002 w. or bavSvs mkurnalobis procesSi 
leikemia Camouyalibda. varaudoben, rom 
daavadeba virusidan gamoyofili veqto-
ris genomSi CarTvam da mniSvnelovani 
funqciis mqone genis inaqtivacia (an mu-
tacia) gamoiwvia. 

didi yuradReba eqceva adamianis 
saarsebo garemos dacvas dabinZurebi-
sagan. gamovlenilia mravali qimiuri da 
fizikuri faqtori, romlebic genetikur 
aparatze zemoqmedebisa da misi Secvlis 
(mutaciis inducirebis) unariT gamoir-
Ceva. isini cvlis adamianis genotips, rac 
mravali paTologiis wyaroa.

sur. 7.36. genuri TerapiiT mZime kombinirebuli imunodefi-
cituri daavadebis (SCID) mkurnalobis Tanmimdevruli sqema. 
imunodeficitiT daavadebul adamianSi ADA genis inaqtivaci-
is gamo ar sinTezirdeba adenozindezaminaza. klonirebuli 
ADA genis virusis veqtorSi moTavseba da limfocitebis in-
ficireba. genis integrireba da eqspresia limfocitebSi, 
romelic pacientis sisxlSi SeyavT. gamoyofili fermenti ad-
enozindezaminaza normalur imunur reaqcias aRadgens.
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memkvidruli paTologiebis profilaqtika. sadReisod memkvidrul daavadebaTa mkur-
nalobis efeqturi meTodebi, iSviaTi gamonaklisis garda, ar gagvaCnia. im SemTxvevaSic ki, rodesac 
medicinis CareviT zogierTi daavadebis ganviTareba SeiZleba Tavidan aviciloT, es daavadebebi 
gankurnebulad mainc ver CaiTvleba, vinaidan memkvidruli daavadebis mizezi genetikur aparatSi 
momxdari cvlilebaa, romlis aRmofxvra amJamad SeuZlebelia. 

Tanamedrove etapze sagangebo yuradReba eqceva prenatalur diagnostirebas, profi-
laqtikis mizniT memkvidruli darRvevebis Canasaxis ganviTarebis adreul etapze gamovlenas. mu-
cladyofnis periodSi Canasaxis memkvidrul masalaSi mZime genetikuri daavadebis gamomwvevi genis 
gamovlenis SemTxvevaSi zogjer, col-qmarTan SeTanxmebiT, mimarTaven aborts. zog SemTxvevaSi 
prenatalurad an dabadebisTanave saTanado mkurnalobiT xerxdeba simptomebis Tavidan acileba. 

prenataluri diagnostireba CanasaxisaTvis yvela SemTxvevaSi usafrTxo araa, amasTanave igi 
ZviradRirebuli da Sromatevadia. am saxis gamokvlevas gansakuTrebul SemTxvevaSi mimarTaven, ker-
Zod: 1. rodesac mSoblebidan erT-erTSi qromosomuli aberaciaa (inversia, translokacia) gamovle
nili; 2. rodesac mSobeli dominantur memkvidrul daavadebas atarebs; 3. rodesac mSoblebs rece-
siuli memkvidruli daavadebis mqone Svilebi hyavT, rac maT heterozigotulobas migvaniSnebs; 4. 
rodesac deda 35 an meti wlisaa, am SemTxvevaSi izrdeba trisomiebis riski; 5. ganmeorebadi sponta-
nuri abortebis SemTxvevaSi, rac dedisa da nayofis SeuTavseblobas migvaniSnebs; 6. rodesac mSo-
blebs hyavT Svilebi ganviTarebis mankiT.

seriozuli eTikuri ganjis sagania “prenataluri diagnostikis” miRwevebis praqtikaSi daner-
gva. miiCneven, rom nayofis ganviTarebis xelovnuri Sewyveta nebismier SemTxvevaSi dauSvebelia, vi-
naidan irRveva adamianis sicocxlis xelSeuxeblobis ufleba. (ix. damatebiT Tavi 10).

rodesac col-qmari riskis jgufs ekuTvnis ,,preinplantaciuri genetikur diagnostikas” 
mimarTaven. eqstrakorporaluri ganayofierebiT e. w. ,,Casaxva sinjaraSi” (col-qmris gametebis la-
boratoriul pirobebSi Serwyma da Canasaxis ganviTareba) miRebul CanasaxTa genotips adgenen. jan-
saR embrions dedis saSvilosnoSi aTavseben. moviyvanT erT sanimuSo magaliTs. 2001 wels col-qmar-
ma daxmarebisTvis mimarTa i. verliskis klinikas (Cikago, reproduqciuli genetikis instituti, aSS). 
maT genealogiaSi ,,simsivnis ojaxuri forma”, li-fraumenis sindromi aReniSnebodaT. am sindroms 
TP53 genis mutacia iwvevs. axasiaTebs memkvidreobis autosomur-dominanturi tipi. wesisamebr, ho-
mozigotebSi daavadeba (Zvlisa da rbili SemaerTebeli qsovilis sarkoma, mkerdis simsivne, Tavis 
tvinis simsivneebi, leikemia) 40 wlis asakSi vlindeba, Tumca xSirad bavSvebSic iCens Tavs. am genis 
mixedviT col-qmari heterozigoti aRmoCnda. laboratoriaSi ganxorcielda “Casaxva sinjaraSi”. 
ganisazRvra xelovnurad miRebuli 18 Canasaxis genotipi. maTgan mxolod 7-s ar aRmoaCnda kibos ga-
momwvevi geni. 3 Canasaxi moaTavses dedis saSvilosnoSi. qali dafexmZimda da eyola janmrTeli vaJi. 

sadReisod ,,preinplantaciuri genetikuri diagnostikis” meTodiT 50-ze meti mZime memkvi-
druli daavadebis gamovlena da Tavidan acilebaa SesaZlebeli. es meTodi gacilebiT progresulia, 
vidre ,,prenataluri diagnostikis” meTodi. igi gamoricxavs risks da xelovnur aborts. 

memkvidrul daavadebaTa aRsakveT meTodTa Soris mniSvnelovania samedicino genetikuri kon-
sultacia. es samsaxuri mosaxleobas uwevs specializebul samedicino daxmarebas da mimarTulia 
riskis mqone ojaxSi memkvidruli paTologiis mqone bavSvis gaCenis Tavidan asacileblad. 

memkvidruli daavadebebi
adamianis populaciaSi “genetikuri tvirTi” metwilad memkvidruli daavadebebis saxiT vlin-

deba. memkvidruli daavadebis sixSiris SefasebisaTvis SeiZleba moviyvanoT a.stivensonis (2003) 
mier CrdiloeT irlandiaSi Catarebuli gamokvlevebis Sedegebi. gamoirkva, rom axalSobilTa 4%-s 
aReniSneboda seriozuli genetikuri defeqtebi. am monacemSi ar Sedioda spontanuri abortebi da 
mkvdradSobadoba, romelic registrirebul fexmZimeTa Soris 14%-s Seadgenda. maTi garkveuli na-
wili, bunebrivia, genetikuri anomaliebiT iyo gamowveuli. warmodgenili maCvenebeli aseve ar Sei-
cavda mozrdilTa iseT gavrcelebul daavadebaTa maCvenebels, rogoricaa diabeti da Sizofrenia, 
romelTa ganviTarebaSi mniSvnelovan rols aseve genetikuri komponentebi asruleben. amave avtoris 
mier dadgenilia, rom stacionarul avadmyofTa 26%-s memkvidruli daavadeba hqonda. amave katego-
rias miekuTvneboda aseve konsultaciaze aRricxul pacientTa 6-8%. Sizofrenia adamianTa popula-
ciaSi saSualod 1% sixSiriT gvxvdeba, zogierT qveyanaSi ki _ ufro maRali sixSiriT. memkvidrul 
daavadebebs or did jgufad (genur da qromosomul daavadebebad) yofen. 

genuri daavadebebi. zogierTi genuri daavadeba monogenurad _ mendelis klasikuri sqemiT 
memkvidreobs, zogic poligenuri memkvidreobis tips miekuTvneba. am ukanasknelSi gaerTianebulia 
daavadebebi memkvidruli winaswarganwyobiT, romelTa memkvidreoba sakmaod rTulia, e. w. multifa-
qtorulia. genur mutaciebs fenotipuri gamovlenis mixedviT ajgufeben. maT miekuTvneba: fermen-
tuli sistemis memkvidruli darRvevebi (enzimopaTiebi), sisxlis cilebis memkvidruli defeqtebi, 
struqturuli cilebis memkvidruli defeqtebi da sxv. ganvixiloT zogierTi maTgani. 



160.

Tavi  7 

genetikis poziciidan enzimopaTiebis Seswavlas safuZveli XX saukunis dasawyisSi Caeyara 
a. gerodis (1902) gamokvlevebiT. enzimopaTias iwvevs rogorc fermentis aqtivobis cvlileba, ise 
fermentis sinTezis intensiurobis daqveiTeba. daavadeba vlindeba im pirebSi, romelTa geni homo-
zigotur mdgomareobaSia. heterozigotebSi xdeba rogorc normaluri (50%), ise anomaliuri fer-
mentis sinTezi. aseTi individebi klinikurad janmrTelni arian, maTi gamovlena specialuri gamo-
kvlevebiTaa SesaZlebeli.

ganvixiloT fenilalaninis cvlis darRveviT gamowveuli zogierTi daavadeba. fenilalaninis 
cvlis sxvadasxva etapis blokireba nairgvar daavadebas iwvevs. fenilalanini ferment fenilala-
ninhidroqsilazas zemoqmedebiT gardaiqmneba Tirozinad. mutaciis Sedegad, rodesac nivTiere-
baTa cvlis es etapi irRveva, viTardeba daavadeba fenilketonuria. organizmSi didi raodenobiT 
grovdeba Sualedi produqtebi (fenilalaninis garkveuli nawili meoreul produqtad -_ fenil-
piroyurZnismJavad gardaiqmneba). isini sisxlsa (0,003-0,04 g/l nacvlad aris 0,5-0,6 g/l) da SardSi 
gamoiyofa. fermentis anomaliis gamo organizmi ver iTvisebs fenilalanins. irRveva am naerTis 
gardaqmnis momdevno etapebi, aRar warmoiqmneba organizmisaTvis iseTi mniSvnelovani naerTebi, 
rogoricaa tirozini, adrenalini, noradrenalini, melanini. Sualeduri produqtebi toqsikurad 
moqmedeben tvinze. irRveva umaRlesi nervuli moqmedeba. irRveva aseve mielinizacia. viTardeba 
mikrocefalia, Tavs iCens gonebrivi CamorCeniloba. 

fenilketonuria gvxvdeba sakmaod maRali sixSiriT (axalSobilebSi 1:10000, populaciaSi ki 
1-4:100000). es daavadeba yvelaze kargadaa Seswavlili. axalSobilebSi drouli diagnostirebiT 
da dieturi mkurnalobiT (sakvebidan unda gamoiricxos fenilalanini) daavadebis fenotipuri ga-
movlena ar xdeba. rodesac irRveva meore rgoli, maSin defeqturi fermenti (tirozinaza) ver axdens 
tirozinidan pigment melaninis sinTezs, viTardeba daavadeba albinizmi (populaciaSi gvxvdeba 
1:10000-dan 1:200000-mde sixSiriT). avadmyofebs aReniSnebaT kanis, Tmis, Tvalis feradi garsis apig-
mentacia. mzis radiaciisadmi maRali mgrZnobeloba, avadmyofebs namzeuroba ar uviTardebaT, Sei-
niSneba kanis kibosadmi midrekileba. 

adamianSi hemoglobinis sinTezs genetikuri aparati akontrolebs. dReisaTvis kargadaa 
Seswavlili am procesSi monawile genTa struqtura. am genebis mutacia sxvadasxva saxis daavade-
bas (e. w. hemoglobinopaTia) iwvevs. sanimuSo magaliTia namglisebrujredovani anemia. normaluri 
A hemoglobinis nacvlad eriTrocitebs misi erT-erTi varianti-S aRmoaCndeba. masSi β-jaWvis me-6 
mdgomareobaSi uaryofiTi muxtis mqone glutaminis mJava Secvlilia neitraluri valiniT (sur. 
7.37). recesuli homozigoti HbS/HbS individebi anemiis mZime formiT arian daavadebulni. hipoqsiis 
dros S hemoglobini warmoqmnis kristalis msgavs struqturebs, ris gamoc icvleba ujredis mor-
fologia. igi namglisebur formas iZens. heterozigotebi HbA/HbS klinikurad janmrTelebi arian. 
maT orive saxis (A da S) hemoglobini Tanabari raodenobiT aqvT. Zlieri hipoqsiis dros, zRvis do-
nidan 3000 m-ze yofnisas, maTac uviTardebaT anemia. miekuTvneba autosomur-recesiuli memkvidre-
obis tips (ix. Tavi 11).

A hemofilia (e. w. klasikuri anu ,,samefo” hemofilia). daavadebas iwvevs X sasqeso qromoso-
maSi lokalizebuli recesiuli geni. daavadebis gadacemisas SeiniSneba “kris-kros” memkvidreoba. 
vlindeba ZiriTadad vaJebSi. daavadebis gamovlenis sixSire: yoveli 2500 axalSobili vaJidan daa-
vadebulia erTi (1:2500). daavadeba Cveulebriv vlindeba 2-3 wlis asakSi. Tumca daavadebis simpto-
mebi adreul asakSic SeiniSneba. sisxlis Seudedebloba gamowveulia organizmSi antihemofiluri 

globulinis anu VIII faqtoris defeqtiT 
an ararsebobiT. daavadebulebSi prefi-
brini fibrinad ar gardaiqmneba. sisxl-
ZarRvTa mcire dazianebac ki saSiSia da 
iwvevs sisxldenas. avadmyofebi mkurna-
lobis gareSe adreul asakSi iRupebian. 
aRwerilia hemofiliis iSviaTi SemTxve-
vebi qalebSi, rac SeiZleba hemofiliiT 
daavadebul mamakacTan heterozigoti 
qalis qorwinebis Sedegi iyos. 

meore tipi-B hemofilia, pirvelad 
1952 w. aRweres. sisxlis Seudedebloba 
gamowveulia Tromboplastinis anu IX 
faqtoris defeqtiT, romelsac iwvevs X 
sasqeso qromosomaSi lokalizebuli ge-
nis mutacia. 

qromosomuli daavadebebi. 
calkeuli qromosomis struqturis an ka-

sur. 7.37. a. eriTrocitis forma normasa da namglisebrujredo-
vani anemiis dros. b. hemoglobinis β-jaWvis me-6 mdgomareobaSi 
glutaminis mJava Secvlilia valiniT.
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riotipSi maTi ricxvis cvlileba iwvevs qromosomul daavadebebs. aseTi saxis mutaciebi evoluciis 
procesSi Camoyalibebul genetikur sistemaSi mniSvnelovan disbalanss iwvevs, ris gamoc irRveva 
adamianis normaluri ganviTareba. xSirad, amdagvari cvlilebebis Sedegad, organizmi ontogene-
zis sxvadasxva stadiaze (metwilad embrionuli ganviTarebis adreul etapebze) iRupeba. amJamad 
Seswavlilia 100-mde qromosomuli sindromi, romlebic sxvadasxva qromosomis anomaliiTaa ga-
mowveuli. ganvixiloT zogirTi maTgani.

daunis sindromi (21 qromosomis trisomia). daavadeba pirvelad aRwera ingliselma eqimma 
l. daunma (1866). daavadebis mizezi daadgines frangma genetikosebma J. leJenma da r. tiupirma (1959). 
es daavadeba yvelaze kargadaa Seswavlili, vinaidan farTodaa (1:500-1:800) gavrcelebuli. gonebri-
vad CamorCenil bavSvTa Soris 10-12% daunis sindromze modis. dadgenilia korelacia dedis asaksa 
da daunis daavadebas Soris, rac ufro asakovania deda, miT ufro metia daavadebuli Svilis yolis 
riski (ix. cxr. 7-2). ZiriTadi simptomebia: Senelebuli fsiqomotoruli ganviTareba, abstraqtuli 
azrovneba SezRudulia, epikanti, Ria piri, ena-gadmogdebuli, braqicefalia gabrtyelebuli kefis 
ZvliT, mokle kiseri, displastiuri yurebi, kbilebis anomaliebi, daRaruli ena. aseve damaxasiaTe-
belia: Tandayolili gulis manki, kataraqta, saWmlis momnelebeli sistemis ganviTarebaSi rigi pa-
Tologiuri cvlilebebi. momatebulia riski leikemiisa da epilefsiisadmi. imunitetis daqveiTebis 
gamo advilad emarTebaT infeqciuri daavadebebi. sindromis ZiriTadi niSania gonebrivi CamorCeni-
loba. inteleqtis koeficienti (IQ) dabalia da 30-dan – 60-mdea. bavSvi mxiaruli da mgrZnobiarea. 
am saxis trisomiis Sedegad nayofi metwilad iRupeba. daunis sindromiT daavadebulTa sicocxlis 
xangrZlivoba xanmoklea. amJamad saTanado mkurnalobis meSveobiT sicocxlis saSualo xangrZlio-
ba gazrdilia da 49 wels Seadgens. Zalze iSviaTad (aRwerilia erTeuli SemTxvevebi) isini toveben 
STamomavlobasac. daavadeba ZiriTadad 21-e qromosomis trisomiiTaa gamowveuli. igi meiozSi ho-
mologiuri qromosomebis ganurideblobis Sedegia. iSviaTad mas robertsonuli translokaciac 
iwvevs. am SemTxvevaSi qromosomaTa ricxvi vizualurad igive rCeba, magram 21-e qromosoma romelime 
akrocentrul qromosomazea translocirebuli. 

terneris sindromi (45,X) pirvelad daavadebis klinikuri suraTi SereSevskim aRwera (1925), 
xolo klasikuri Seswavla terners (1938) ekuTvnis. citogenetikuri suraTi (45, X) 1959 wels daad-
gina fordma TanaavtorebTan erTad. igi monosomiiT gamowveuli daavadebis erTaderTi SemTxvevaa 
adamianSi. es daavadeba gacilebiT iSviaTad gvxdeba (axalSobil gogonebSi 1:5000 Seadgens), vidre 
sasqeso qromosomebis sxva anomaliebi. maTSi mxolod erTi X sasqeso qromosomaa. klinikuri suraTi 
metad variabeluria. arian tandabali (saSualo simaRle 140 sm) da uCveulo garegnobis. aqvT ,,sfinq-
sis” saxe, mokle kiseri _ ukana mxares frTisebri kanis naoWebiT, gulmkerdis yafazi farToa, faris 
formis. ZuZus dvrilebi Zlier dacilebuli da ganuviTarebelia. aReniSnebaT gul-sisxlZarRvTa da 
Sard-sasqeso sistemebis Tandayolili mankebi. gonadebis nacvlad aqvT SemaerTebel-qsovilovani 
Wimi. sasqeso organoebi infantiluria, Cveulebriv, damaxasiaTebelia unayofoba. daavadeba ar iwve-
vs gonebriv CamorCenilobas. daqveiTebuli aqvT sivrciTi da motoruli SegrZnebebi. inteleqtis 
koeficientis (IQ) araverbaluri maCvenebeli mniSvnelovnad dabalia verbalurze. bevri avadmyofi 
saWiroebs swavlaSi (gansakuTrebiT maTematikaSi) daxmarebas. SeiniSneba fsiqikis Taviseburebani 
(infantilizmi). 

X-trisomia (47.XXX) sindromi pirvelad 1959 w. jakobsma da misma Tanaavtorebma aRweres. am 
daavadebulTa kariotipi Seesabameba 47,XXX. klinikuri suraTi metad variabeluria. populacia-
Si daavadebis sixSire Seadgens 1-1,4:1000 dabadebul gogonaze. saSualoze odnav maRlebi arian da 
normaluri fenotipi aqvT. zogjer avadmyofebs ganuviTarebeli aqvT sakvercxeebi, zog SemTxvevaSi 
aRiniSneba saSvilosnos hipoplazia. sindromis mqone qalebis nawili unayofoa (nawils saSvilosno 
ganviTarebuli aqvs da hyavs Svilebi). somaturi anomaliebi iSviaTia, umetesad SeimCneva sqesobrivi 
ganviTarebis darRvevebi (araregularuli menstrualuri cikli), IQ maCvenebeli saSualoze bevrad 
dabalia da aqvT daswavlasTan dakavSirebuli problemebi. aReniSnebaT qceviTi gadaxrebi, gansaku-
TrebiT gardatexis asakSi. 

klainfelteris sindromi (47,XXY). daavadebis klinika pirvelad 1942 wels aRwera klainfel-

cxrili 7-2  daunis daavadebis sixSire dedis 
wlovanebasTan dakavSirebiT

 Ddedis asaki  sixSire

 30 wlamde
30 _ 34 weli
35 _ 39 weli
40 _ 44 weli

45 da meti

 1 : 1000
1.6 : 1000
4 : 1000

14 : 1000 
25 : 1000
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terma. populaciaSi sixSire Seadgens 1:1000 axalSobil vaJze. daavadeba memkvidreobiT ar gadaece-
ma, maTi warmoqmna meiozSi qromosomaTa ganurideblobis Sedegia. 

avadmyofebs aReniSnebaT: mcire zomis rudimentuli saTesleebi, azoospermia. mamakacis meo-
radi sasqeso niSnebi ganviTarebulia, magram qalis niSnebi bolomde araa CaxSuli. aReniSnebaT gi-
nekomastia momrgvalo menji, saWurisis msgavsi da odnav feminizebuli habitusi (evnuqizmi), kidu-
rebis dagrZelebis xarjze maRaltanianoba, boqvenze qalis tipis Tmis safarveli. sindromis mqone 
mamakaci umetesad unayofoa (steriluria). damaxasiaTebelia sqesobrivi ltolvis Sesusteba, zo-
gjer impotencia. zogjer SeiniSneba nevrologiuri cvlilebebi. aReniSnebaT qcevis darRvevebi. 
IQ maCvenebeli saSualoze bevrad dabalia. zepirmetyvelebisa da Semecnebis unari daqveiTebulia. 
aqvT daswavlasTan dakavSirebuli problemebi, uWirT kiTxva da saWiroeben daxmarebas swavlis pro-
cesSi. 

sindromi 47,XYY. pirvelad aRweres 1962 w. darRvevaTa sixSire populaciaSi Seadgens 1:10000 
axalSobil vaJze. daavadebulebi xSirad tanmaRlebi arian (saSualod 180-185 sm). inteleqti ZiriTa-
dad ar aris Secvlili. bolo gamokvlevebiT sindromis kavSiri asocialur qcevasTan ar dadastur-
da. axasiaTebs klinikuri suraTis variabeluroba da SeiZleba klinikurad arc gamovlindes. arian 
impulsurni da uyuradReboni, uWirT kiTxva da metyveleba, umetes maTgans – damoukideblad swavla.  

7.7 genetika da seleqcia 
seleqcia (laT. `selectio~ – gadarCeva) aris mecniereba, romelic swavlobs sasoflo-sameur-

neo mcenareTa da cxovelTa axali jiSebis, aseve mikroorganizmTa axali Stamebis gamoyvanisa 
da Zvelis gaumjobesebis meTodebsa da biologiur safuZvlebs. seleqciis mecnieruli safuZvle-
bi C. darvinma Camoayaliba. man daasabuTa, rom jiSTa Seqmnas safuZvlad udevs memkvidreobiTi cva-
lebadoba da xelovnuri gadarCeva. seleqciis mecnierul safuZvels genetika warmoadgens, romlis 
uaxlesi miRwevebis gamoyenebiT SesaZlebelia maRalproduqtuli jiSebis gamoyvana. kulturul 
mcenareTa da Sinaur cxovelTa jiSi aris seleqciis gziT Seqmnili individebis erToblioba 
(populacia) mas gaaCnia unari STamomavlebs memkvidreobiT gadasces sameurneo niSnebi. 

jiSTa mravalferovneba. kulturul mcenareTa da Sinaur cxovelTa jiSTa axlandeli 
mravalferovnebis Semoqmedi adamiania. seleqciaSi sawyisi etapi cxovelTa moSinaurebiTa da mce-
nareTa moSenebiT iwyeba. miuxedavaT jiSTa didi mravalferovnebisa nebismieri kulturuli forma 
erTi an ramdenime veluri winapridan (saxeobidan) iRebs saTaves. ase magaliTad Sinauri qaTmis yvela 
jiSi bankivuri gareuli qaTmis (Galus galus) STamomavalia. kulturuli kombostos jiSebis winaparia 
veluri kombosto (Brassica olaracea), mtredis yvela jiSis ki – veJani gareuli mtredi (Columba livia) 
da a.S. (sur. 7.38; 11-1 )

adamianma uZvelesi droidan daiwyo mcenareTa da cxovelTa moSeneba. Soreul warsulSi mwar-
moeblur meurneobaze (soflismeurneoba, mecxoveleoba) gadasvlam xeli Seuwyo “sasoflo-sameur-
neo revolucias” da seleqciis ganviTarebas. adamianma SeniSna, rom sasargeblo cxoveli da mcenare 
Tavissave msgavs STamomavlobas warmoqmnida. adamianma Tavisi moTxovnilebidan gamomdinare daiwyo 
saukeTeso individebis amorCeva da gamravleba. uZveles civilizaciis kerebSi konkretul kultu-

rul mcenareTa jiSebi Camoyalibda.  kul-
turul  mcenareTa centrebi gamoavlina 
da Seiswavla i. vavilovma. miwaTmoqmede-
bis erT-erT uZveles kerad miCneulia 
Zveli bibliuri samyaros teritoria, 
egviptidan SuamdinareTis CaTvliT, ro-
melsac “ nayofier naxevarmTvares” uwo-
deben. aseve Crdilo-aRmosavleTi CineTi 
da centraluri, anu mesoamerika. amJamad 
gamoyofen kulturul mcenareTa warmo-
Sobis centrebs da Sinaur cxovelTa war-
moSobis raionebs (ix. cxr. 7.3).

kulturul mcenareTa warmoSobis 
erT-erTi keraa winaaziuri centri. masSi 
gaerTianebulia samxreTkavkasia, maT So-
ris saqarTvelo. am centrSi aris warmo-
Sobili xorbali, qeri, Wvavi, vazi, vaSli, 
msxali, qliavi da sxva kulturuli mce-
nareebi. amJamad saqarTvelo vazis samSo-
blod aris aRiarebuli. CvenSi vazis moSe-

sur. 7.38. kombostos sxvadasxva jiSebi da maTi veluri wina-
pari: 1. veluri kombosto; 2. Tavxveuli; 3. yvavilovani; 4. kol-
rabi (keJera); 5. briuseluri; 6. savoiis.
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neba jer kidev 7-6 aTasi wlis win daiwyes. saqarTveloSi vazis 500-mde adgilobrivi jiSia Seqmnili. 
unikalurobiT gamoirCeva rqawiTeli, saferavi, ojaleSi, Cxaveri, aladasturi da sxv. saqarTvelo 
Zvirfasi marcvlovani kulturis – xorblis erT-erTi samSobloa. xorblis adgilobrivi jiSebidan 
aRsaniSnavia zanduri, maxa da dika. CvenSi xalxuri seleqciis gziT miRebulia vaSlis (TuraSauli, 
kexura da sxv.), msxlis (gulabi, kalos msxali, xeWeWuri) da sxva kulturul mcenareTa jiSebi. Si-
naur cxovelTa warmoSobis raionebi TiTqmis emTxveva kulturul mcenareTa centrebs. yvelaze 
adre adamianma ZaRli moiSinaura. misi veluri winapari mgelia. ZaRlis moSinaureba ramdenime cen-
trSi, maT Soris – wina aziurSi moxda. saqarTveloSi xalxuri seleqciis Sedegadaa Seqmnili Sinaur 
cxovelTa mravali jiSi, kerZod: qarTuli cxvris nagazi, TuSuri cxvari, kaxuri Rori, TuSuri cxe-
ni, xevsuruli da megruli Zroxa da sxv. 

7.7.1 seleqciis ZiriTadi meTodebi. 
seleqciis tradiciuli anu klasikuri meTodebia: xelovnuri gadarCeva da hibridizacia. se-

leqciis mTavari meTodi aris xelovnuri gadarCeva. am meTodis gamoyenebis SemTxvevaSi gasamravle-
blad arCeven sameurneo niSnebis mixedviT mniSvnelovani Tvisebebis mqone cxovelebsa da mcenareebs. 
seleqciaSi iyeneben xelovnuri gadarCevis or formas: masobrivsa da individualurs. masobrivi 
gadarCeva tardeba selqcioneris mier SerCeuli garegani niSnebis anu fenotipis mixedviT. sawyisi 
masalidan gasamravleblad gamoyofen sasurveli niSnebis mqone individTa jgufs, danarCens wuni 
edeba. ase magaliTad, qaTmebSi didi zomis kvercxisa da kvercxmdeblobis xangrZlivobis SeuRlebis 
mizniT sanaSened mxolod orive niSniT mkafiod gamoxatul individTa jgufs itoveben. momdevno 
TaobebSi iwuneben yvela individs, romelic am standarts ar Seesabameba. individualuri gadarCe-
visas Sesajvarebeli wyvilebi fasdeba rogorc sakuTari Tvisebebis, ise STamomavlobaze maTi gada-
cemis unariTac. amrigad gadarCeva warmoebs sasurveli niSnebis mflobeli calkeuli individis anu 
maTi genotipis mixedviT. hibridizacia Sesajvarebeli wyvilebis saukeTeso sameurneo niSnebis hi-

 cxrili  7-3 kulturul mcenareTa warmoSobis centrebi

 centri geografiuli mdebareoba kulturuli mcenareebi

1. aRmosavleTaziuri
centraluri da aRmosavleTi 
CineTi, iaponia, korea.

soia, Svria, qeri, brinji (zogierTi 
forma), unabi, boloki, tungi, manda-
rini, alubali, wiwibura, kakali, Cai 
(zogierTi forma), sorgo da sxv.

2. indo _ malauri
malais arqipelagi, filipinebi, 
indoCineTi.

brinji, puris xe, banani, Saqris 
lerwami, kardamoni, mixakis xe, Savi 
pilpili da sxv. 

3. indoeTis indostanis naxevarkunZuli
badrijani, kitri, forToxali, 
limoni, Cai (zogierTi forma) mango, 
xaSxaSi, rehani da sxv.

4. centraluraziuri 
Crdilo-dasavleTi indoeTi, 
avRaneTi, tajikeTi, uzbekeTi, 
dasvleTi tianSani.

xorbali (zogierTi forma), Wvavi, 
ospi, niori, vazi (zogierTi forma) 
da sxv.

5. winaziuri
mcire azia. samxreTi kavkasia, 
irani, TurqeTi.

xorbali, vazi, qeri, Wvavi, kanafi, 
seli, Txili, muxudo, Sindi, msxali, 
vaSli, aluCa, qliavi, leRvi, wabli, 
wiwmati da sxv.

6. xmelTaSuazRvis
xmelTaSuazRvis auzis 
qveynebi.

zeTisxili, dafna, mdogvi, Svria, 
seli, xanWkola, oxraxuSi, Warxali, 
boloki, Talgami, pitna, qinZi, pir-
SuSxa, kama, xaxvi da sxv.

7. eTiopuri eTiopiis mTianeTi, sudani. 
xorbali (zogierTi forma), fetvi, 
yava, sazamTro, bamba (zogierTi 
forma) da sxv.

8. centraluramerikuli
samxreTi meqsika, centraluri 
amerikis qveynebi.

simindi, lobio, gogra, batati, 
kakao, wiwaka, mzesumzira, agava, 
bamba, Tambaqo da sxv.

9. samxreTamerikuli
kolumbia, ekvadori, 
peru,Bbolivia.

kartofili (zogierTi forma), 
pomidori, qinqinis xe, hevea, ananasi, 
feihoa, gogra da sxv.
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bridSi Tavmoyris saSualebas iZleva, gadarCeva ki - sasurvel niSnebs STamomavlebSi ganamtkicebs.
jvaredin mtveria mcenareebis TviTdamtverviT an cxovelebis axlonaTesauri SejvarebiT 

gamravlebisas (inbridingi) Semdgom TaobebSi SeiniSneba sicocxlisunarianobis da produqtulo-
bis daqveiTeba, daknineba _ inbriduli depresia. axlonaTesauri wyvilebis Sejvarebas inbridingi, 
xolo miRebul STamomavlobas wminda xazi ewodeba. inbridingiT miiRweva homozigoturobis maRa-
li done. maTSi mravali uaryofiTi moqmedebis recesiuli geni vlindeba da sicocxlisunarianobas 
aqveiTebs. amrigad, mravali genis homozigotur mdgomareobaSi yofna inbridul depresias iwvevs. 
sxvadasxva inbriduli xazebis SejvarebiT miRebuli pirveli Taobis hibridebi uxvmosavliania. maT-
Si SeiniSneba cxovelmyofelobisa da nayofierebis Zlieri amaRleba. am movlenas heterozisi, anu 
hibriduli Zalis efeqti, ewodeba. hibridebi mosavlianobiT aWarbebs, rogorc mSoblebs, ise sawyis 
formebsac. Semdgom TaobebSi heterozisi TandaTanobiT qreba. heterozisis fenomeni kargad ar 
aris Seswavlili. gamoTqmulia mosazreba, rom hibridSi mravali genis heterozigotur mdgomareo-
baSi yofna da maTi urTierTqmedeba heterozisis efeqts iwvevs.

didi mniSvneloba aqvs kulturul mcenareebSi poliploiduri jiSebis Seqmnas. mravali kul-
turuli mcenare bunebrivi poliploidi aRmoCnda, magaliTad: xorbali, xendro, kartofili, qlia-
vi, vaSli, msxali da sxv. isini spontanuri genomuri mutaciis Sedegadaa warmoSobili. poliploids 
xSirad didi zomis sxeuli aqvs da uxvmosavlianobiT gamoirCeva. amJamad SemuSavebulia poliploi-
debis xelovnurad miRebis efeqturi meTodebi. inducirebuli poliploidebidan seleqciur mni-
Svneloba erTeulebs moepoveba. maTSi SerCevis gziT sawarmoo niSnebs xvewen da jiSad ayalibeben. 
gamoyvanilia saukeTeso sameurneo Tvisebebis mqone Wvavis, qeris, sazamTros, Saqris Warxlis, vazis 
da sxv. avtoploidi jiSebi. (ix. Tavi 7.4.2) 

miRebulia aloploiduri (gaerTanebulia ori gansxvavebuli saxobis genomi) jiSebi; magali-
Tad, tritikaleSi (gaaCnia xorblisa da Wvavis genomi) SeuRlebulia xorblisa (sagemovno Tvisebebi) 
da Wvavis (cilebis maRali Semcveloba, mwir niadagze zrdis unari) sameurneo Tvisebebi.

mcenareebsa da mikroorganizmebSi farTod iyeneben xelovnuri mutagenezis meTods. mutaciis 
induqcias maionizebeli radiaciiTa da qimiuri mutagenebiT axdenen. mutaciis Sedegad iseTi axali 
alelebi warmoiqmneba, romelTa gamovlena, rogorc wesi, populaciaSi SeuZlebelia. kerZod, _ qon-
dara mcenare, saadreo an uxmosavliani formebi. miRebuli mutaciebi zrdian sawyisi masalis mraval-
ferovnebas da SerCevis procesis efeqturoba maRldeba. am gziT gamoyvanilia qeris. Wvavis, simindis, 
pomidvris maRalproduqtuli jiSebi, mikroorganizmebsa da sokoebSi vitaminebisa da antibiotikebis 
maRali warmadobis Stamebi.

7.7.2 seleqciis Tanamedrove meTodebi. 
Cvens planetaze mosaxleobis raodenoba swrafi tempiT izrdeba. amJamad dedamiwaze 6 miliar-

di adamiani cxovrobs. varaudoben, rom es ricxvi 2020 wlisTvis 8 miliards miaRwevs. dedamiwaze 
moweuli Wirnaxulis zrdis tempi gacilebiT dabalia. mwvaved dgas mosaxleobis sakvebiT uzrunve-
lyofis sakiTxi. seleqciam es mwvave problema unda gadaWras. seleqciaSi Tanamedrove biologiu-
ri meTodebis gamoyenebiT SesaZlebelia uxvmosavliani jiSebis gamoyvana da mosaxleobis sakvebiT 
uzrunvelyofa

seleqciis mizans memcenareobisa da mecxoveleobis industralizaciis da seleqciis mecnie-
ruli done, agreve sabazro moTxovnebi gansazRvravs. ase magaliTad, mtknari wylis deficitis gamo 
gamoyvanilia marilianobisadmi gamZle qeris jiSebi. jejils zRvis wyliT rwyaven da normalur mo-
savals iReben. gamoyvanilia qaTmis iseTi jiSebi, romlebic mefrinveleobis fabrikebSi didi simWi-
drovis pirobebSic ki Cveulebriv produqtulobas avlenen. tritikaleSi gamoyvanili jiSebi kar-
gad itanen niadagis maRal mJavianobas da karg mosavals iZlevian. sadReisod seleqciam iseT dones 
miaRwia, rom jiSebis Semdgomi gaumjobeseba Zalze garrTulebulia. amitomac didi yuradreba eT-
moba jiSis modelis Seqmnas; Semdeg ki, am modelis mixedviT axali jiSis gamoyvanas. 

Tanamedrove etapze seleqciam unda gadaWras Semdegi problemebi: 1.mavneblebisa da daavade-
bebisadmi gamZle formebis gamoyvana erTi formidan meoreSi genebis gadataniT; 2. stresuli fa-
qtorebisadmi (gvalva, yinva, niadagis marilianoba, mJavianoba da misT.) medegi jiSebis gamoyvana; 
3. jiSebSi herbicidebisadmi rezistentobis amaRleba; 4. jiSis zrdis tempisa da uxmosavlianobis 
amaRlebis produqtis xarisxTan SeTavseba.

seleqciaSi dainerga axali meTodebi: ujreduli inJineria da genuri inJineria. isini miznad 
isaxavs ujredebisa da dnm-s molekulebis gamoyenebiT iafi, uxvmosavliani jiSebis gamoyvanas. mani-
pulirebisTvis calkeul ujreds an qsovilebs iyeneben. maT xelovnur sakveb areze aviTareben. ase 
magaliTad, mcenares patara nawils aWrian, ujredebs erTmaneTisgan acalkeveben da specialur sa-
kveb areze aTavseben. ujredebi mravldeba da TiToeuli maTganidan rulyofili mcenare yalibdeba. 
(ix. sur. 10.3)  rodesac marilianobisadmi gamZle jiSis Seqmna surT, mcenaris gancalkevebuli ujre-
debi iseT sakveb areze gadaaqvT, romelSic marilTa Semcveloba momatebulia. aTasobiT ujredi ver 
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uZlebs aseT pirobebs da iRupeba. mxolod erTeuls aRmoaCndeba unari, gauZlos Warb marilianobas. 
gadarCenili ujredidan marilianobisadmi medeg srulyofil jiSs iReben. am gziT erT weliwadSi 
gamoiyvanes marilianobisadmi gamZle kombostos, qeris, tritikales jiSebi. tradiciuli meTode-
biT amgvari jiSis Seqmnas xuT welze meti sWirdeba. seleqcioneri aRaraa damokidebuli weliwadis 
droze, muSaobaSi xeli ar eSleba klimaturi pirobebiT. laboratoriaSi am saxis samuSaoebis Sesru-
leba nebismier dros aris SesaZlebeli. amasTanave, patara sacdel jamze aTasobiT ujredis (momava-
li mcenaris) moTavseba SeiZleba. 

seleqciaSi warmatebiT iyeneben genuri inJineriis meTods. genuri inJineriis dros erTi sa-
xeobidan gamoyofili genebi xelovnurad SeaqvT sruliad gansxvavebuli saxeobis organizmSi. ma-
galiTad, zogierT mikrobSi sinTezirdeba toqsikuri cila, romelic mwers klavs. igi uvnebelia 
ZuZumwovrebisa da adamianisTvis. mikrobidan gamoyves toqsikuri cilis masinTezirebeli geni da 
Seitanes kulturuli mcenaris ujredSi. ujredidan miRebul mcenaresac aRmoaCnda toqsikuri ci-
lis sinTezis unari. sakmarisia, mwerma mcenaris romelime mcire nawili SeWamos, rom igi iRupeba. (ix. 
sur. 10.7) amJamad miRebulia mwerebisadmi gamZle brinjis, simindis, kartofilis, pomidvris jiSebi. 
am saxis jiSebis miReba metad mniSvnelovania. mavneblebis winaaRmdeg aRar iyeneben ZviradRirebul 
qimikatebs. amasTanave, garemo ar binZurdeba am saxis nivTierebebiT, romlebic safrTxes uqmnis 
sasargeblo mwerebs, frinvelebs, agreTve adamians. sarevelebis winaaRmdeg fermerebi qimikatebs 
iyeneben. maT warmoebaze yovelwliurad msoflioSi 10 mlrd dolarze meti ixarjeba. miuxedavad 
amisa, mosavlis 10% sarevelebis gamo ikargeba. qimikats SerCeviTi moqmedebis unari ar gaaCnia. igi 
Tu kulturul mcenareze moxvda, masac anadgurebs. genuri inJineriis meTodebiT gamoyvanilia qi-
mikatebisadmi mdgradi jiSebi: sarevela iRupeba, kulturuli mcenare ki ara.

genuri inJineriis meTodebis gamoyenebiT Seqmnilia yinvagamZle vazi. mas satacura kombo-
stodan gamoyofili yinvagamZleobis geni Caunerges. tradiciuli meTodebiT amgvari jiSis Seqmna 
SeuZlebelia. isini aramonaTesave saxeobebia da erTmaneTs ar ejvarebian. am gziT Seqmnil jiSebs 
genmodificirebuls, anu transgenurs, uwodeben. 

amave gziT mcenareebSi gamoyvanilia virusisadmi medegi jiSebi. Tambaqos mosavlianobas mkve-
Trad aqveiTebs mozaikuri daavadebis gaomwvevi virusi. (ix. sur. 7.25) igi pomidorsac aavadebs. 
aSS-Si am virusuli daavadebiT miyenebuli wliuri zarali 50 milin dolars aRemateba. mecnierebma 
virusis garsis cilis masinTezirebeli geni Tambaqos qromosomaSi Canerges da daavadebisadmi imu-
norezistentuli jiSi gamoiyvanes. am SemTxvevaSi Tavisebur vaqcinaciasTan gvaqvs saqme. amave meTo-
diT virusisadmi imunuri jiSebi gamoyvanilia pomidorSi, kartofilsa da ionjaSi.

mcenareebisgan gansxvavebiT, xelovnur areze ganviTarebuli cxoveluri ujredebidan mxo-
lod zogierTs aqvs srulyofili organizmis warmoqmnis unari –aseTia zigota da zogierTi embrio-
nuli ujredi. zigotas birTvs aclian da sanacvlod sxva organizmidan gamoyofili birTvi SeaqvT. 
aseT ujreds klonirebuli ewodeba, miRebul organizms ki – kloni. klonirebuli ujredi SeaqvT 
sxva cxovelis (surogati mSoblis) saSvilosnoSi, sadac normalur embrionul ganviTarebas gadis. 
amJamad miRebulia maimunis, Tagvis, Zroxis, cxvris, bocvris da sxva cxovelebis klonebi. (ix. sur. 
10.4; Tavi 10.3 ).

atlantis okeaneSi binadari oragulis kvercxujredSi Canerges zrdis hormonisa da sicivis 
medegobis genebi. civ wylebSi binadari transgenuri oragulebi gacilebiT swrafad izrdebian. isi-
ni zomiT 6 _ 7-jer mozrdilebi arian Cveulebriv TevzebTan SedarebiT. 

genmodificireba sikeTesTan erTad garkveul safrTxesac qmnis. biousafrTxoebis mkacri zo-
mebis miRebaa saWiro. magaliTad, qimikatebisadmi mdgradma mcenare rafsma mtvris marcvlebis gziT 
es niSani monaTesave sarevelebs gadasca. saWiroa biousafrTxoebis obieqturi Sefaseba. 
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8.1. nervuli da endokrinuli sistemebi

8.1.1. neironi, nervuli impulsi
nervuli sistema uzrunvelyofs organoebisa da organoTa sistemebis SeTanxmebul muSaobas. 

amitom organizmi moqmedebs, rogorc erTi mTliani. magaliTad: fizikuri muSaobisas kunTebis in-
tensiur moqmedebas mosdevs sunTqvis gaxSireba, vinaidan aRar aris sakmarisi kunTebisaTvis Cveu-
lebrivi ritmiT miwodebuli Jangbadi. igi kunTebamde sisxlis meSveobiT aRwevs. magram marto sun-
Tqvis gaxSireba ver uzrunvelyofs saTanado raodenobis Jangbadis miwodebas, saWiro xdeba sisxlis 
mimoqcevis gaZlierebac, es ki gulis muSaobis gaxSirebiT miiRweva. aRweril procesebs warmarTavs 
nervuli sistema. igi aTanxmebs kunTebis muSaobas sunTqvisa da sisxlis mimoqcevis sistemebTan.

organizmi mudmivad cvlad garemosTan kavSirs nervuli sistemis saSualebiT amyarebs. es 

qcevebis meSveobiT xorcieldeba. qcevebi mravalferovania, rac gamowveulia garemosa da masSi 
mimdinare procesTa cvalebadobiT. Tu organizmma ver moaxerxa sasargeblo qcevis mizanswrafuli 
ganxorcieleba, igi SeiZleba daiRupos.

nervuli sistemis moqmedeba safuZvlad udevs adamianis grZnobebs, daswavlasa da mexsierebas, 
metyvelebasa da azrovnebas. misi meSveobiT adamiani gamoxatavs Apirovnebisadmi simpaTiasa da mov-
lenebis mimarT dadebiT an uaryofiT damokidebulebas.

adamiani daaxloebiT 50 miliardi nervuli ujrediT aregulirebs organizmis funqciebs 
(cxrili 8.1). am mxriv sainteresoa im kognitur anu SemecnebiTi procesebis kvleva, romlebic mimdi-
nareobs adamianTa Tavis tvinSi da maT misca unari Seeqmna samecniero-teqnikuri progresi da gaba-
tonebuliyo biosferoSi. neirobiologTa gamoTvlebiT dadgenili iqna, rom adamianis Tavis tvini 
yoveldRiurad 100 aTas gadawyvetilebas Rebulobs.

neironuli doqtrina. imisaTvis, rom gaverkveT Tu rogor moqmedebs nervuli sistema, unda 
vicodeT misi Semadgeneli funqciuri erTeulebis morfologia da masSi mimdinare procesebi. ner-
vuli sistemis ZiriTad morfo-fiziologiur erTeuls nervuli ujredi warmoadgens. XIX saukuneSi 
germanelma mecnierma v. valdeierma nervul ujreds neironi uwoda. man samedicino JurnalSi ga-
moaqveyna statia, romelSic gaanalizebuli iyo imdroindeli monacemebi nervuli sistemis ujre-
duli agebulebis Sesaxeb. statiaSi ganxilulma faqtebma SesaZlebeli gaxada ujreduli Teoriis 
postulatebi nervul sistemazec gavrcelebuliyo. Seiqmna neironuli doqtrina _ Teoria nervu-
li sistemis ujreduli agebulebis Sesaxeb. dairRva Sexeduleba nervuli sistemis erTiani badebri-
vi agebulebis arsebobaze, romelic TiTqos iyo gabneuli mTel organizmSi.

mosvenebis potenciali. cocxali qsovilis or wertils Soris arsebuli potencialTa sxvaoba 
bioeleqtruli aqtivobis maCvenebelia. potencialTa sxvaoba iZleva informacias ujredisa da or-
ganos mdgomareobis Sesaxeb. neironi garemoculia rTuli agebulebis plazmuri membraniT, romelic 
kargi eleqtroizoliatoria. membranis orive mxareze ujredSiga da ujredgare sivrceSi arsebobs 
nivTierebebi, romelTa gavleniT membranis gareTa zedapiri damuxtulia dadebiTad, Sida ki _ uaryo-
fiTad (sur. 8.1).

cxrili 8.1.
organizmis moqmedebani, romlebsac axorcielebs da akontrolebs Tavis tvini DA

garemosTan kavSiri xorcieldeba organizmSi mimdinare procesebia gonebrivi moqmedebebia

smeniT, mxedvelobiT, SexebiT, ynos-
viT, gemovnebiT, metyvelebiT

sunTqva, kveba, sma, sisxlis wnevisa 
da temperaturis regulacia, sxeu-
lis pozis regulireba, moZraobis 
regulacia, hormonTa
moqmedebis regulireba

daswavla, wera, xatva, musi-
ka, kiTxva, gadawyvetilebis 
miReba, gamoTvla, yura-
dReba, Zili da sizmari
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membranuli potencialis gasazo-
mad gamoiyeneba mikroeleqtrodi, rom-
lis diametric Zalian mcirea da SeiZle-
ba misi ujredSi ise Seyvana, rom ujredi 
ar daziandes. Tu or mikroeleqtrods 
neironis zedapirze movaTavsebT poten-
cialTa sxvaoba ar dafiqsirdeba. po-
tencialTa sxvaoba ar dafiqsirdeba im 
SemTxvevaSic, rodesac orive eleqtrods 
neironSi movaTavsebT. Tu erTi mikroe-
leqtrodi moTavsebuli iqneba membranis 
zedapirze, meore ki _ neironSi, maSin 
daregistrirdeba potencialTa sxvaoba 
(sur. 8.2). potenciali - 60-90 mv (mili-
voltis) farglebSi meryeobs. mas membra-
nuli anu mosvenebis potenciali ewodeba. 
mosvenebis potenciali neironis yvela 
wertilSi praqtikulad erTnairia. nei-
roni mosvenebis potencialis sidides 
inarCunebs manamde, sanam masze ar imoqme-
debs garegani gamaRizianebeli faqtori.

sainteresoa gaverkveT, ratom aris 
neironis gareTa nawili dadebiTad damuxtuli, Sida ki _ uaryofiTad. am procesis SeqmnaSi mona-
wileobs qloris ( Cl- ), natriumis ( Na+ ), kaliumis ( K+ ), kalciumis ( Ca2+ ) da organuli anionebi 
(A- ). am naerTTa araTanabari gadanawile-
ba membranis gareTa da SigniTa zedapirze 
iwvevs polarizebas. membranis gare ze-
dapirze Warbobs dadebiTad damuxtuli 
naerTebis koncentracia. erTvalentian 
ionTa _ qloris ( Cl- ), natriumis ( Na+ ) 
da kaliumis ( K+ ) koncentracia membranis 
gare zedapirze da mis SigniT gansxvave-
bulia. gansxvavebis raodenobrivi damo-
kidebuleba ilustrirebulia suraTze 
(sur. 8.1).

ionTa aseTi gadanawileba gamowveu-
lia ori faqtoriT. pirvelia _ uaryo-
fiTad damuxtul organul naerTTa 
simravle neironis SigniT; meore _ mem-
branaSi arsebuli aqtiuri transportis 
sistema, romlis amoqmedebiT natriumi 
ujredidan amoitumbeba, xolo kaliumi 
ujredSi Caitumbeba. qloris, natriumisa 
da kaliumis ionebis simciris gamo mem-
brana maT iolad atarebs. organul anio-
nebs maTi sididis gamo membrana ver ata-
rebs da xdeba maTi dagroveba ujredSi. 
gamodis, rom membranuli potenciali 
iqmneba pasiuri da aqtiuri meqanizmebiT. aseTi meqanizmebis monawileobis xarisxi sxvadasxva nei-
ronSi gansxvavebulia. membranuli potenciali mosvenebis SemTxvevaSic damokidebulia neironTa 
sxvadasxva funqciis SesrulebasTan. neironis agznebis dros xdeba im eleqtruli energiis gamoye-
neba, romelic akumulirebulia mosvenebis membranul potencialSi. 

moqmedebis potenciali. 1850 wels helmholcma pirvelma moaxerxa gaezoma nervuli impulsis 
gavrcelebis siCqare. aRmoCnda, rom bayayis did nervul boWkoSi nervuli impulsi moZraobs wamSi 40 
metris siCqariT. dadginda, rom nervuli impulsis gavrceleba aqtiuri biologiuri procesia da ara 
eleqtroobis fizikuri gavrceleba gamtarSi. amitom nervul impuls moqmedebis potenciali ewodeba. 
naTeli gaxda, rom nervuli impulsis gamomuSaveba nervuli sistemis moqmedebis safuZvelia. 

membranuli potencialis (-70 mv) Semcireba (depolarizacia _ zRurblamde (-50 mv) iwvevs 
moqmedebis potencialis warmoSobas. am dros izrdeba natriumis (Na+) ganvladoba membranaSi da is 

sur. 8.1. ionTa da organul anionTa ( A- ) ganawileba neironis 
membranis orive mxareze

sur. 8.2. aqsonSi ujredSiga membranuli potencialis gazomva
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didi raodenobiT Sedis ujredSi. war-
moiqmneba moqmedebis potencialis aRma-
vali faza. moqmedebis potencialis daR-
mavali faza warmoiqmneba natriumis (Na+) 
ganvladobis SemcirebiT da kaliumis (K+) 
ganvladobis gazrdiT membranaSi. kaliu-
mi didi raodenobiT gamodis ujredidan.

moqmedebis potencialis anu ner-
vuli impulsis warmoqmna damokidebu-
lia membranuli potencialis xanmokle 
Semcirebaze, romelsac depolarizacia 
ewodeba (sur. 8.3). depolarizacia unda 
moxdes zRurblovan donemde. am dros 
membranaSi ixsneba specifiuri (Na+)-is 
arxebi da xdeba misi didi raodenobiT 
Sesvla ujredSi. ujredSi moxvedrili 
dadebiTi ionebi depolarizaciis sa-
fuZvelia. iwyeba nervuli impulsis aR-
mavali faza. wydeba natriumis Sesvla 
ujredSi. iwyeba ujredidan (K+) gamo-
svla. daiwyeba moqmedebis potencialis 

daRmavali faza. aqsonSi nervuli impulsis warmoSoba xdeba neironis somasTan axlos. vrceldeba 
mTeli aqsonis gaswvriv da saregulirebel organomde aRwevs. amis Semdeg sruldeba raRac moqmede-
ba da amitom hqvia moqmedebis potenciali.

moqmedebis potencialis warmoSobisas aqsonis membrana gadadis refraqtorul mdgomareoba-
Si. misi agznebadoba qveiTdeba (sur. 8.4). SesaZlebelia dadgindes refraqtoruli mdgomareobis xan-
grZlivoba. Tu aqsons gavaRizianebT ori eleqtruli stimuliT ise, rom maT Soris intervali iyos 
10 ms-ze (milisekundi) meti, maSin orive stimuli gamoiwvevs moqmedebis potencials. im SemTxve-
vaSi, Tu stimulTa Soris intervals SevamcirebT, gavaRizianebT 10 ms-ze dabali intervaliT, ma-
Sin meore impulsi moqmedebis potencials ver warmoSobs. aseT mdgomareobas ewodeba Sefardebi-
Ti refraqtoruli faza. SefardebiT refraqtorul fazaSi, zRurbli moqmedebis potencialisa 

gazrdilia. im SemTxvevaSi, Tu or gama-
Rizianebel stimuls Soris intervals 
Zalian SevamcirebT, gavxdiT 3 ms-ze mci-
res, meore stimuli moxvdeba absolutur 
refraqtorul periodSi. am periodSi 
aqsoni mTlianad augznebadia, amitom re-
fraqtorul mdgomareobas didi mniSvne-
loba aqvs aqsonis funqcionirebaSi.

nervuli impulsis gavrceleba. 
nebismier zRurblovan gamRizianebels 
SeuZlia neironi mosvenebuli mdgoma-
reobidan gadaiyvanos aqtiur mdgomare-
obaSi. mosvenebis potenciali gadadis, 
moqmedebis potencialSi warmoiqmneba 
nervuli impulsi, romelic SeuCerebliv 
iwyebs gavrcelebas aqsonSi. aqsonSi agz-
nebis gavrcelebas Tan axlavs eleqtro 
denis aRZvra. moqmedebis potencialis 
sidide sxvadasxva boWkoSi 5-10_jer 
aRemateba agznebadobis zRurbls. ami-
tom agzneba udekrementod (Cauqro-
blad) vrceldeba membranis gaswvriv, 
aqsonis membranis gaswvriv warmoqmnili 
eleqtruli movlenebis registrireba 
xdeba specialuri xelsawyoebis saSua-
lebiT. am gziT miRebulma eqsperimentis 
Sedegebis analizma fiziologebs misca 
saSualeba daedginaT agznebis eleqtru-

sur. 8.3. moqmedebis potenciali

sur. 8.4. absoluturi da SefardebiTi refraqtoruli fazebi 
(ganmarteba teqstSi)
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li bunebis mTeli rigi kanon-
zomierebebi.

mecnierebma daadgines, 
rom agznebis gavrcelebis 
meqanizmi boWkos erTi ubni-
dan meoreSi principulad ar 
gansxvavdeba gaRizianebis 
wertilSi impulsis aRmoce-
nebis meqanizmisagan. orive 
SemTxvevaSi moqmedebis po-
tenciali warmoiqmneba mem-
branis depolarizaciis Sede-
gad.

membranis depolariza-
ciis kritikul donemde miyva-
naSi did rols TamaSobs (Na+). 
is Sedis boWkos membranaSi 
da cvlis gare zedapiris da-
debiT muxts. dadebiTi xdeba 
membranis Sida nawili. gare-
Ta zedapiri ki uaryofiTi 
(sur. 8.5). nervuli impulsis 
moZraoba aqsonSi estafetis 
magvaria. boWkos erTi ubani 
mimRebia gaRizianebis da ama-
ve dros aRizianebs mezobel ubans. amgvari moqmedebiT nervuli impulsi aqsonis borcvakidan iwyeba 
da gadis mTel boWkos gaswvriv, bolovdeba sxva neironebze an efeqtorebSi. nervuli impulsis gata-
rebis siCqare sxvadasxva boWkoSi farTod meryeobs. sxvadasxvaa agreTve nervuli impulsis gavlili 
manZilic.

sinafsi. neirofiziologiis ZiriTadi problema mdgomareobs imaSi, rom gaverkveT, rogor 
xdeba funqciuri dakavSireba neironebs Soris da neironebis efeqtorul ujredebTan. sainteresoa, 
rogor iqmneba mravalferovani nervuli wreebi, romlebic aregulirebs qcevebs. gavixsenoT cnobi-
li biolog-evolucionistis feodosia dobrJanskis gamoTqma: `neirobiologiaSi arafers ara aqvs 
azri, Tu is ganixileba qceviTi aspeqtebis gareSe~. neironTa dakavSireba xdeba sinafsebis meSveo-
biT. sinafsebSi mimdinare procesebis kvleva, saSualebas iZleva ufro Rrmad CavixedoT Tavis tvin-
Si. gaverkveT am maxvilgonivruli kompiuteris moqmedebaSi.

termini sinafsi Semotanilia 1897 wels C. Seringtonis mier. sinafsi berZnulia da qarTulad 
kavSirs niSnavs. neirobiolog s. paleus ekuTvnis gamoTqma: `sinafsis koncefcia, gulia neironuli 
doqtrinisa~. C. Seringtoni yovelTvis aRniSnavda, rom sinafsi ZiriTadad funqciuri dakavSirebaa. 
gamoTqma ar aris SemTxveviTi, vinaidan sinafsi neironis ganuyofeli nawilia. neironi aris damou-
kidebeli ujredi, romelic sinafsebis meSveobiT ukavSirdeba sxva ujredebs da gadascems speci-
fikur informacias nervuli impulsebis saxiT, romlis gavleniT sruldeba nebismieri moqmedeba. 
gaaCnia, romel funqciur nervul qselSi iqneba gaerTianebuli esa Tu is neironi. neironi sinafse-
biT Rebulobs informacias sxva neironebidan. gamoTqmulia sakamaTo sakiTxi, TiTqos erTi neironi 
Rebulobs informacias 10000 neironisagan da TviTon amyarebs kavSirs 1000 neironTan. zogierTi 
mkvlevari aseT kavSirs ufro didi raodenobiT warmoidgens.

cnobilia presinafssa da postsinafss Soris urTierTobis ori saxe _ qimiuri da eleqtruli. 
ix. Tavis 4.6. qsovilebi _ nervuli qsovili.

qimiuri gadacemis Tanaxmad, moqmedebis deni aRwevs boWkos daboloebas. boWkos daboloe-
bebSi gvxvdeba sinafsuri buStukebi, romlebSic moTavsebulia mediatorebi. buStukebi skdeba da 
iqedan gadmoRvrili mediatori CaiRvreba sinafsis napralSi. swrafad difundirebs da moqmedebs 
inervirebuli ujredis membranaze. am membranas ewodeba postsinafsuri, is esazRvreba nevrul da-
boloebas. postsinafsuri membrana Tavis TvisebebiT gansxvavdeba im membranisgan, romelic faravs 
ujredis danarCen nawils. ZiriTadi gansxvaveba imaSia, rom axasiaTebs didi qimiuri mgrZnobeloba 
mediatoris mimarT da eleqtruli denis mimarT ar reagirebs. nervuli impulsis gavrceleba da-
mokidebulia mediatorisa da postsinafsuri membranis urTierTobaze. Tu mediatori gamoiwvevs 
postsinafsuri membranis depolarizacias, nervuli impulsi gavrceldeba postsinafsur neironSi. 

sur. 8.5. nervuli impulsis gavrceleba 
1 da 2 sqemaze naCvenebia potenciali da ionuri denis gavrceleba aqsonSi. 
sqema 3-ze naCvenebia ranvies SeviwroebaSi Tanmimdevrulad ganxorcielebu-
li procesebi: zRurblis depolarizacia; Na+ Sesvla ujredSi; K+ gamosvla 
ujredidan da repolarizacia. Na+ Sesvla ujredSi xdeba ranvies Seviwroe-
baSi da iwvevs gverdiT arsebuli Seviwrovebis agznebas. am procesTa Tanamim-
devroba iwvevs nervuli impulsis gavrcelebas aqsonis mTel sigrZeze.
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im SemTxvevaSi, Tu mediatori gamoiwvevs 
postsinafsis hiperpolarizacias ner-
vuli impulsi ar gavrceldeba, moxdeba 
neironis Sekaveba. qimiur sinafsSi ner-
vuli impulsis gavrceleba xdeba erTi 
mimarTulebiT. presinafsidan nervuli 
impulsi gadadis postsinafsSi. sinafsSi 
xdeba nervuli impulsis xanmokle gata-
rebis Seneleba. mas sinafsuri dayovneba 
ewodeba, romelic gamowveulia mediato-
ris gamoyofiT da misi moqmedebis droiT 
postsinafsur membranaze.

eleqtruli sinafsebis arsebobas 
didi xania varaudoben, magram naklebad 
iyo Seswavlili. bolo dros mecnierebma 
daadgines misi morfologiuri agebule-
ba da fiziologiuri procesebi. aseTi si-
nafsebis arseboba aRmoCnda uxerxemlo-
Ta nervuli sistemis sxvadasxva adgilas. 
eleqtruli sinafsebi gaaCniaT agreTve 
dabal safexurze mdgom xerxemlian 
cxovelebs. nervuli impulsis gadacema 
eleqtrul sinafsSi ufro swrafad xdeba, 
vidre qimiur sinafsSi.

8.1.2 nervuli sistemis anato-
miuri da funqciuri organizacia

adamianis nervul sistemas yofen centralur da periferiul nawilebad. centralur nawilSi 
Sedis Tavisa da zurgis tvini. Tavis tvini moTavsebulia qalas RruSi, zurgis tvini ki _ xerxemlis 
arxSi. nervuli sistemis periferiul nawils miekuTvneba nervuli kvanZebi da Tavisa da zurgis tvi-
nidan gamomavali nervebi. Tavis tvinidan gamodis 12 wyvili nervi, zurgis tvinidan ki _ 31 wyvili. 
nervuli kvanZebi warmoqmnilia neironTa sxeulis grovebiT da mdebareobs sxeulis sxvadasxva uban-
Si.

XIX saukunis dasawyisSi frangma fiziologma fransua biSam adamianSi mimdinare fiziologiu-
ri procesebi dayo cxovelur da organul procesebad. mogvianebiT i. reilma SemoiRo cneba vegeta-
tiuri nervuli sistema. nervuli sistema funqciis mixedviT gaiyo orad.

nervuli sistemis nawils, romelic aregulirebs ConCxis kunTebis moqmedebas, somaturi ewo-
deba (berZn. soma _ sxeuli). somaturi nervuli sistema emorCileba adamianis neba-survils. ada-
mians survilisamebr SeuZlia dajdes, adges, gaiaros, ivarjiSos, icuraos, daxatos, daweros da a. S. 
CamoTvlil moZraobebs igi iwyebs, agrZelebs an wyvets survilis mixedviT.

nervuli sistemis nawils, romelic aregulirebs Sinagan organoTa moqmedebas, avtonomiuri 
nervuli sistema ewodeba. misi moqmedeba ar emorCileba adamianis survils. magaliTad, adamians ar 
SeuZlia survilisamebr Seanelos an aaCqaros gulis muSaoba, daaCqaros saWmlis monelebis procesi, 
Sewyvitos oflis gamoyofa da sxv. avtonomiur nervul sistemas visceralursac uwodeben (laT. vise-
ra _ Signeuloba). igi uzrunvelyofs yvela Sinagani organos, sisxlZarRvebisa da saofle jirkvle-
bis eferentur inervacias, agreTve ConCxis kunTebis, receptorebisa da nawilobriv TviT nervuli 
sistemis trofikul inervacias.

CamonaTval organoTa regulirebas vegetatiursac uwodeben. vegetatiuri aseve ki cxovele-
bis kvebasTan da zrdasTan aris dakavSirebuli. centraluri nervuli sistemis umaRlesi ganyofi-
lebebisagan vegetatiuri nervuli sistemis avtonomurobaze warmodgena pirobiTia. mravali cdiT 
warmoebda pirobiTi refleqsebis gamomuSaveba Sinagan organoebze. dadasturebulia, rom Tavis 
tvinis didi hemisferoebis qerqi aregulirebs vegetaturi nervuli sistemiT inervirebuli yvela 
organos moqmedebas da akontrolebs maT moqmedebas organizmSi mimdinare moTxovnilebis Sesaba-
misad. amitom jobia gamoviyenoT visceraluri regulacia, romelic zustad asaxavs mis anatomiur 
Sesabamisobas da ganxorcielebul procesebs.

zurgis tvinis agebuleba da funqciebi. zurgis tvini moTavsebulia xerxemlis Zvlovan 
arxSi. adamianis zurgis tvini daaxloebiT 45 sm sigrZisaa da 1 sm diametris zonaria, romlis centr-
Si gadis siTxiT amovsebuli zurgis tvinis arxi (sur. 8.7).

zurgis tvinis ganiv Wrilze Cans (sur. 8.7), rom zurgis tvinis arxis garSemo moTavsebulia 

sur. 8.6. zurgis tvinis 31 wyvili nervi
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ruxi nivTiereba, romelsac frTagaSlili peplis forma aqvs. rux nivTierebas qmnis mamoZravebe-
li da Suamdebare neironTa sxeulebi dendritebTan erTad. ruxi nivTiereba garemoculia TeTri 
nivTierebiT, romelic Sedgeba aqsonebisagan. isini warmoqmnis aRmaval da daRmaval gamtar gzebs. im 
gzas, romliTac zurgis tvinis neironebi ukavSirdeba Tavis tvinis neironebs aRmavali (aferentu-
li) ewodeba, xolo im gzas, romliTac Tavis tvinis neironebi zurgis tvins ukavSirdeba, daRmavals 

sur. 8.7. zurgis tvinis agebulebis sqema da ganivi Wrilis mikroskopuli suraTi (marjvniv). 1 - garsebi; 2 - wina 
Rari; 3 – wina rqa; 4 – centraluri arxi; 5 – TeTri nivTiereba; 6 – gamtari gzebi; 7 – ruxi nivTiereba; 8 – ukana 
rqa; 9 – ukana fesvi; 10 – spinaluri ganglioni (kvanZi); 11 – zurgis tvinis nervi; 12 – wina fesvi.

cxrili 8.2
adamianis sazurgtvino refleqsebi

refleqsis saxelwo-
deba

gamoyenebuli gaRizianeba
refleqsuri reaqciis 
xasiaTi

refleqsSi monawile 
neironebis lokalizeba

myesis proprio
ceptuli refleqsebi:

idayvis
myesze CaquCis dartyma (xeli 
odnav moxrilia idayvSi)

SekumSva da xelis moxra
zurgis tvinis kisris 
me-5_6 segmentebi

muxlis
kvirisTavis qveviT myesze 
CaquCis dartyma

SekumSva da wvivis gaSla
welis me-2_4 segmen-
tebi

aqilevsis aqilevsis myesze dartyma terfis Zirisken moxra gavis 1_2 segmentebi

muclis refleqsebi: kanis Strixuli gaRizianeba:
muclis muskulaturis 
Sesabamisi ubnebis 
SekumSva

gulmkerdis me-8_9 
segmentebi

zeda qveda neknebis paralelurad

Sua
Wipis doneze (horizonta-
lurad)

igive me-9-10

qveda
sazardulis naoWis parale-
lurad

igive me-11_12

kremasteruli saTe-
sles refleqsi

barZayis SigniT zedapiris 
Strixuli gaRizianeba

SekumSva da saTesles 
aweva

wlis 1_2 segmentebi

analuri refleqsi
ukana gasavlis axlos Strixi 
an Cxvleta

swori nawlavis gareTa 
sfinqteris SekumSva

gavis me-4_5 segmentebi

terfis Ziris refle-
qsi

terfis Ziris susti Strixu-
li gaRizianeba

TiTebisa da terfis 
moxra

gavis 1_2 segmentebi
terfis Ziris Zlieri gaRi-
zianeba

TiTebis gaSla da fexis 
moxra
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(eferentuls) uwodeben. aRmavali da 
daRmavali gzebiT xdeba Tavisa da zurgis 
tvinis neironebs Soris nervuli impul-
sebis gadacema. amis Sedegad xorcielde-
ba saWiro refleqsebi (cxrili 8.2).

zurgis tvinidan gamodis 31 wyvili 
Sereuli nervi, romelTa meSeveobiTac 
zurgis tvini ConCxis kunTebsa da yve-
la Sinagan organos ukavSirdeba. zurgis 
tvini ar aris dakavSirebuli Tavis kun-
TebTan.

zurgis tvinSi gadis im refleqsTa 
rkalebi, romlebTanac dakavSirebulia 
ConCxis kunTebis SekumSva anu mamoZra-
vebeli refleqsebis rkalebi. umartive-
si mamoZravebeli refleqsis magaliTia 
muxlis refleqsi. Tu adamians fexi fexze 
aqvs gadadebuli da muxlis qvemoT myesze 
mkveTrad davartyamT, fexi swrafad aiwe-
va maRla. amis mizezi is aris, rom myesze 

dartymis Sedegad masTan dakavSirebuli kunTi iWimeba da kunTSi ganlagebul receptorebSi war-
moiqmneba nervuli impulsebi, romlebic mgrZnobiare neironis grZeli morCebiT zurgis tvinamde 
aRwevs. zurgis tvinSi nervuli impulsi mamoZravebel neironebs gadaecema, maTi aqsoniT ki _ Sesa-
bamis kunTs, kunTi SeikumSeba da fexi zeviT aiwevs.

zurgis tvinis sxva refleqsuri rkalebi ufro rTulia. mamoZravebel neironebs Soris erTi an 
ramdenime Suamdebare neironia CarTuli.

zurgis tvinis moqmedebas Tavis tvini aregulirebs. receptorebidan zurgis tvinSi misuli 
nervuli impulsi aRmavali gamtari gzebiT jer Tavis tvinSi modis, xolo iqidan daRmavali gziT 
zurgis tvinis gavliT gadaecema sxvadasxva organos. Tu tramvis Sedegad kavSiri gawyda Tavisa da 
zurgis tvins Soris, zurgis tvinis am refleqsebis umravlesoba, romelTa rkalebi gadis dazia-
nebuli ubnis qveviT, qreba. aseT adamianebs SeuZliaT laparaki, ReWva, Tvalebis moZraoba, magram 
sxeulis qveda nawils dakarguli aqvs mgrZnobiaroba da moZraobis unari.

Tavis tvinis agebuleba da funqciebi. xerxemlianebs Soris adamianis Tavis tvini yvelaze 
rTuli agebulebisa da, Sesabamisad, urTulesi funqciebis Semsrulebeli warmonaqmnia. adamianis 
Tavis tvini yvelaze plastikuri organoa organizmSi. misi moqmedebis mTavari principi aris adapta-
cia garemoSi, romelic xorcieldeba swavliT. tvinis mexsiereba da azrovneba praqtikulad SeuzRu-
davia. igi moTavsebulia qalas RruSi. axalSobilis Tavis tvini 300-400 grams iwonis, zrdasruli 
adamianisa ki saSualod 1450-1500 gramia. Tavis tvini Sedgeba mogrZo tvinis, xidis, naTxemis, Sua 
tvinis, Suamdebare tvinisa da didi naxevarsferoebisagan (sur. 8.8). Tavis tvinidan gamomavali 12 
wyvili nerviT inervirdeba organizmis yvela organoebi (sur. 8.9).

Tavis tvini aregulirebs organizmSi mimdinare procesebs, amyarebs kavSirs garemosTan da 
warmarTavs fsiqikur procesebs. mesame 
cxrilSi motanilia organizmis moqmede-
baTa nusxa, romlebsac axorcielebs da 
akontrolebs Tavis tvini (cxrili 8.3).

mogrZo tvinsa da xids erTad ukana 
tvins uwodeben. isini, Sua tvinTan erTad, 
warmoqmnian tvinis Reros, romelSic ga-
dis aRmavali da daRmavali gzebi. tvinis 
Rero dakavSirebulia zurgis tvinTan, 
naTxemTan da did naxevarsferoebTan. aq 
mdebareobs sunTqvis, sisxlZarRvTa sana-
Turebis gamafarToebeli da Semaviwroe-
beli, gulis moqmedebis, saWmlis momne-
lebeli da sxva organoebis funqciaTa 
maregulirebeli centrebi.

Sua tvinSi gadis yvela gza, rome-
lic did naxevarsferoebsa da naTxems 
akavSirebs mogrZo da zurgis tvinTan. 

sur. 8.8. hemisferoTa Suaze gayofili adamianis Tavis tvini

sur. 8.9. adamianis Tavis tvinis bazaluri zedapiris sqema 
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Sua tvinis monawileobiT xorcieldeba sinaTliT gaRizianebaze sapasuxo zogierTi refleqsi. maT 
ricxvs miekuTvneba mxedvelobiTi saorientacio refleqsi. Sua tvinis monawileobiT xorcieldeba 
saorientacio bgeriTi refleqsebic: cxovelebis yurebis dacqveta, Tavisi da sxeulis mobruneba 
axali bgeris warmoSobis mimarTulebiT.

Suamdebare tvinis neironTa monawileobiT regulirdeba Sinagan organoTa SeTanxmebuli 
moqmedeba. igi aregulirebs nivTierebaTa cvlas, sakvebisa da wylis miRebas, sxeulis temperatu-
ras. Suamdebare tvinis zogi neironi gamoimuSavebs hormonebs, rTuli moZraoba (siaruli, sirbili, 
jdoma, curva) dakavSirebulia Suamdebare tvinTan.

naTxemi monawileobs rTuli reaqciebis urTierTSeTanxmebaSi. rodesac naTxemis normaluri 
muSaoba irRveva, adamianebi zusti, SeTanxmebuli moZraobisa da moqmedebis unars kargaven _ ver 
inarCuneben sxeulis wonasworobas, ver axerxeben nemsis yunwSi Zafis gayras, barbaciT dadian, sia-
rulis dros xelebs da fexebs uxerxulad, zogjer mkveTradac amoZraveben. cxrilSi (8.3) mocemu-
lia Tavis tvinis sxvadasxva nawilis funqciebi.

Tavis tvinis didi naxevarsferoebi. Tavis tvinis didi naxevarsferoebi struqturiTa da 
funqciebiT centraluri nervuli sistemis gansakuTrebiT rTuli nawilia. gamoyofen marjvena da 
marcxena naxevarsferoebs.

naxevarsferoebis zedapiri danaoWebulia mravalricxovani RariTa da xveuliT, ris gamoc 
misi zedapiris 2/3 RarebSia moqceuli.

orive naxevarsferoSi gamoyofen Sublis, Txemis, safeTqlisa da kefis wilebs. centraluri 
Rari Sublis wils Txemis wilisagan gamoyofs, gverdiTi Rari ki _ safeTqlis wils Sublisa da Txe-
mis wilebisagan.

naxevarsferoebis zedapiri _ qerqi, ruxi nivTierebisagan anu neironebis sxeulebisa da den-
dritebisagan Sedgeba. qerqis qveS aris TeTri nivTiereba, romelic aqsonTa erTobliobas warmoad-
gens. mis sisqeSi mdebareobs qerqqveSa birTvebi. erTi naxevarsferos qerqis zedapiri 1700-2000 sm2 
Seadgens.

funqciis mixedviT didi naxevrsferoebis qerqs yofen ubnebad, romlebsac qerqul zonebs uwo-
deben. kefis wilSi moTavsebulia mxedvelobis zona, safeTqlis wilSi _ smenis, centralur RarTan 
ki _ kan-kunTovani mgrZnobelobis zona. arsebobs ynosvis, gemovnebisa da sxva zonebic, romelTa 
moqmedebiT adamiani arCevs garemos da organizmSi mimdinare cvlilebebs da Sesabamisad iqceva.

8.1.3. visceraluri sistema. 
visceraluri regulaciis makontrolebeli centrebi ganlagebulia limbur sistemaSi, hipo-

TalamusSi da mogrZo tvinis birTvebSi. limburi sistema, romelic Seqmnilia wina tvinis sxvadasxva 
struqturisagan aqtiurad monawileobs sakvebis mopovebis, mSobliuri zrunvis, sasqeso da terito-
riis mopovebis ganmapirobebel qcevebSi. mTavari warmonaqmni, romelic icavs organizmis Sinagani ho-
meostazis mdgradobas hipoTalamusia. masSi moTavsebulia centrebi, romlebic aregulirebs sxeulis 
temperaturas, wylis balanss da kvebis moTxovnilebas, agreTve aqtiuradaa CarTuli emociur ganc-

cxrili 8.3
adamianis Tavis tvinis sxvadasxva ganyofilebis ZiriTadi funqciebi

Tavis tvinis ganyofilebebi ZiriTadi funqciebi

mogrZo tvini
sunTqvis, saWmlis momnelebeli da gul-sisxlZarRvTa 
sistemebis moqmedebis regulacia

Sua tvini
smeniTi da mxedvelobiTi gamRizianeblebiT gamowveuli 
saorientacio refleqsTa, kunTuri tonusisa da sxeulis 
pozis regulacia

Suamdebare tvini
garegan da Sinagan gamRizianebelTa miReba. Sinagan orga-
noTa moqmedebis regulacia

naTxemi moZraobisa da kunTuri tonusis regulacia

naxevarsferoebis qerqi
garegani da Sinagani garemodan miRebul signalTa ana-
lizi, monawileoba pirobiTi refleqsis gamomuSavebaSi, 
fsiqikur procesTa ganxorcieleba

naxevarsferoebis qerqis kefis wili mxedvelobiTi signalebis miReba da analizi

naxevarsferoebis qerqis Sublis wili moZraobaTa regulacia

naxevarsferos qerqis Txemis wili kanis receptorebidan mosul signalTa miReba da analizi

naxevarsferoebis qerqis safeTqlis wili bgeriT signalTa miReba da analizi
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debSi. mogrZo tvinSi arsebobs centrebi, romlebic aregulirebs sisxl-ZarRvTa da sasunTq sistemas.
visceralur regulaciaSi gamoyofen or nawils, simpaTikurs da parasimpaTikurs, simpa-

Tikuri nawili ainervirebs uklebliv yvela organos da qsovils. parasimpaTikuri mxolod Sinagan 

organoebs. visceraluri sistemis orive nawili umeteswilad efeqtoruli bunebisaa, Sedgeba ma-
moZravebeli da sekretoruli boWkoebisagan. cxrilSi (cxrili 8.4) moyvanilia simpaTikuri da pa-
rasimpaTikuri nervebis gavlena sxvadasxva organoze. Sinagani organoebis receptorebidan aferen-
tuli (aRmavali) boWkoebi, romelTac miaqvT informacia centrisaken, ganlagebulia visceralur 
nervebSi. didi raodenobiTaa aferentebi cTomil nervSi.

yvela simpatikuri da parasimpaTikuri nervuli gzebis periferiuli nawili Sedgeba ori Tana-
mimdevrulad ganlagebuli neironisagan. pirveli neironis soma moTavsebulia centralur nervul 
sistemaSi, misi aqsoni miemarTeba periferiisaken da bolovdeba ama Tu im nervul kvanZSi, romelSic 
moTavsebulia meore neironis soma. meore neironis somaze pirveli neironis aqsonebi qmnis sinafsur 
daboloebas, pirveli neironis boWkoebs uwodeben pregangliurs, xolo meore neironis boWkoebs _ 
postganliurs. simpaTikur da parasimpaTikur nervul boWkoebSi moqmedebis potencialebi gamoir-
Ceva Tavisi xangrZlivobiT.

visceraluri regulacia xorcieldeba ori mTavari mediatoriT _ noradrenaliniT da ace-
tilqoliniT. mediatorTa moqmedeba efeqtorul organoze ganisazRvreba postsinafsuri membranis 
TvisebebiT. acetilqolinma da noradrenalinma cal-calke moqmedebiT SeiZleba gamoiwvios orga-
nos moqmedebis rogorc agzneba, ise Sekaveba. Tu orive mediatoriT xdeba organos inervacia, maSin 
mediatorebis moqmedeba urTierTsawinaaRmdegoa.

simpaTikuri nervuli sistemis agzneba adamians xels uwyobs Tavi daicvas stresul situacia-
Si - aCqarebs gulis ritms, maRla wevs arteriul wnevas, izrdeba sisxlSi glukozis Semcveloba da 
Cqardeba kunTebis sisxliT momarageba. am dros qveiTdeba saWmlis momnelebeli sistemis moqmedeba. 
es yvelaferi icavs adamians stresisagan.

parasimpaTikuri sistema xels uwyobs organizms resursebis aRdgenaSi, aqeTken aris mimarTu-
li parasimpaTikuri nervebis efeqtebi. qveiTdeba gulis kunTis SekumSvis ritmi, arteriuli wneva 
- saWmlis momnelebeli sistemis stimulacia.

cxrili 8.4.
visceraluri (vegetatiuri) nervuli sistemis regulaciis gavlena organoebze

organoebi
simpaTikuri nawilis
   gavlena

parasimpaTikuri nawilis
gavlena

 Tvali 
cremlis gamoyofa
saylapavi mili
kuWi da nawlavebi     

filtvebi da sunTqva

Sardis buSti
Tirkmeli

guli 
 ritmi
SekumSvis Zala
  
sisxlZarRvebi

jirkvlebi:
RviZli
sanerwyve
kuWi da nawlavebi
saofle

gugis gafarToeba
gavlenas ar axdens
asustebs moqmedebas
peristaltikisa da tonusis    da-
qveiTeba
bronqebis sanaTuris gafarToeba 
da ventilaciis  gaZliereba

moduneba 
amcirebs Sardis warmoqmnas

gaxSireba
gazrda

aviwrovebs nawlavebisa da gluvi 
kunTebis arteriebs,
afarTovebs Tavis tvinisa da 
ConCxis kunTebis arteriebs. 
zrdis arteriul wnevas.

sekreciis Sesusteba
sekreciis Sesusteba
sekreciis Sesusteba sekreciis 
gaZliereba

Ggugis Seviwroeba
Astimulirebs gamoyofas
aZlierebs moqmedebas
peristaltikisa da tonusis 
gaZliereba
bronqebis sanaTuris Seviwroeba 
da ventilaciis daqveiTeba

SekumSva
 ar moqmedebs

Seneleba
Semcireba

nawlavis gluv da ConCxis kun-
Tebs unarCunebs mudmiv tonuss, 
aqveiTebs sisxlis arteriul 
wnevas.

sekreciis gaZliereba
sekreciis gaZliereba
sekreciis gaZliereba
ar moqmedebs 



175.

adamianis anatomia da fiziologia

8.1.4. nervuli regulaciis refleqsuri principi. 
nervuli sistemis mier organoTa funqciebis regulacia xorcieldeba refleqsebis saSuale-

biT. gaRizianebaze organizmis sapasuxo reaqcias, romelic centraluri nervuli sistemis monawi-
leobiT mimdinareobs, refleqsi ewodeba. gzas, romelsac nervuli impulsi refleqsis ganxorcie-
lebis dros gaivlis, refleqsuri rkali ewodeba. refleqsuri rkali iwyeba receptoriT. receptori 
neironebis grZeli morCebis daboloeba an specialuri warmonaqmnia. yoveli receptori aigzneba 
mxolod garkveuli gamaRizianebliT. magaliTad, kanSi ganlagebuli sicivis, siTbos, Sexebis recep-
torebi aRigzneba Sesabamisad siciviT, siTboTi, SexebiT, mxedvelobis receptorebi _ sinaTliT, 
piris RruSi moTavsebuli gemos receptorebi _ nerwyvSi gaxsnili sakvebis qimiuri nivTierebiT da 
a. S. gaRizianebas receptorebi gardaqmnian nervul impulsad, romelic mgrZnobiare neironebiT ga-
daecema centralur nervul sistemas. akedan ki, mamoZravebeli neironebiT impulsi momuSave orga-
nomde aRwevs. umetes SemTxvevaSi refleqsuri rkali Seicavs ramdenime CarTul neironsac, romle-
bic moTavsebulia rogorc zurgis, aseve Tavis tvinSi.

ganasxvaveben refleqsis or saxes: upirobosa da pirobiTs. upirobo refleqsebs STamomavlo-
ba mSoblebisagan memkvidreobiT iRebs da mTeli sicocxlis ganmavlobaSi inarCunebs. kvebasTan da-
kavSirebuli upirobo refleqsebia _ nerwyvisa da kuWis wvenis gamoyofa piris RruSi sakvebis mo-
xvedrisTanave, ylapva, wova; dacviTi refleqsebia _ xelis gaweva cxeli sagnidan, cxviris cemineba, 
Tvalebis daxamxameba da sxv.

TavdacviTi, kvebiTi, gamravlebis, saorientacio upirobo refleqsebi memkvidrulia da sico-
cxlis manZilze TiTqmis ar icvleba. upirobo refleqsebis saSualebiT xorcieldeba iseTi mniSvne-
lovani procesebi, rogorebicaa kveba, gamravleba, Tavdacva.

ganvixiloT, rogor xorcieldeba nerwyvis gamoyofis upirobo refleqsi. cxovelis piris 
RruSi sakvebis moxvedrisas, sakvebis qimiuri nivTierebebi aRizianebs piris lorwovani garsis ge-
movnebis receptorebs. warmoiqmneba agzneba. igi mgrZnobiare neironebis boWkoebiT miaRwevs mogr-
Zo tvinis nerwyvis gamoyofis centrs, aqedan ki mamoZravebeli neironebis boWkoebiT _ sanerwyve 
jirkvlebs da iwvevs nerwyvis gamoyofas.

cnobili rusi fiziologi i. pavlovi ZaRlebSi nerwyvisa da kuWis wvenis gamoyofas ikvlevda. 
man SeamCnia, rom ZaRls nerwyvi gamoeyofa im adamianis danaxvaze, romelsac misTvis sakvebi mihqon-
da. am faqtiT dainteresebulma mecnierma Caatara cda: ZaRlis sanerwyve jirkvlis sadinari gareT, 
loyaze gamoitana. aseTi operaciis Semdeg nerwyvi jirkvlidan gareT gamoiyofa da loyaze mimagre-
bul sinjaraSi grovdeboda. ZaRls sacdel kameraSi aTavsebdnen. cdis dasawyisSi rTavdnen sinaT-
les da ramdenime wamis Semdeg cxovels sakvebs aZlevdnen. aseTi cdis mravaljer gameorebis Semdeg 
cxovels nerwyvi gamoeyofa sinaTlis 
CarTvisTanave, e. i. piris RruSi sakvebis 
moxvedramde. sinaTliT gaRizianebaze 
nerwyvis gamoyofas i. pavlovma pirobiTi 
refleqsi uwoda, refleqsis gamomwvev 
gamRizianebels ki _ pirobiTi gamRizia-
nebeli. am cdaSi pirobiTi gamaRizianebe-
li iyo sinaTle (sur. 8.10.).

pirobiTi refleqsis gamomuSave-
bisas aucilebelia cxovelze erTdrou-
lad imoqmedos pirobiTma da upirobo 
gamRizianeblebma. pirobiTi gamRiziane-
beli SeiZleba iyos garemos nebismieri 
piroba, romlis aRqmis unaric cxovels 
aqvs. cxovelebi sxvadasxva garemoSi ar-
seboben, amitom maTi pirobiTi refleqse-
bi gansxvavebulia.

pirobiTi refleqsebi xels uwyobs 
garemos cvlad pirobebTan Seguebas. 
mtaceblis suni da bgerebi, romlebsac 
is gamoscems, pirobiTi gamRizianebelia 
misi msxverplisaTvis. cvlad garemo pi-
robebTan Sesabamisad cvladi unda iyos 
pirobiTi refleqsebic. saWiroebisamebr, 
erTi refleqsi unda Sekavdes da gamo-
muSavdes axali. ase TandaTan, cxovrebis 
manZilze, cxoveli iZens nadirobisa da 

sur. 8.10. naTuraze gamomuSavebuli nerwyvis gamoyofis piro-
biTi refleqsis, refleqsuri rkali
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Tavdacvis gamocdilebas, STamomavlobis dacvis Cvevebs da a. S.
erTi refleqsis meoriT Secvlas Zalian didi mniSvneloba aqvs mocemul pirobebSi cxovelis 

gadarCenisaTvis. pirobiTi refleqsebis gamomuSavebisa da Sekavebis unaris gamo garemosTan cxove-
lis Seguebis SesaZlebloba izrdeba, ufro mravalferovani xdeba. gansxvaveba upirobo da pirobiTi 
refleqsebs Soris naCvenebia cxrilSi (cxrili 8.5.)

Sekaveba. Sekaveba aris nervul sistemaSi mimdinare aqtiuri procesi, romlis gavleniT 
qveiTdeba an droebiT sruliad kavdeba agznebis gavrceleba. Semakavebeli neironebi sinafsuri 
kavSiriT pirdapir gavlenas axdens kunTebsa da sekretorul ujredebze. Sekaveba icavs neironebs 
gadaWarbebuli agznebisagan, rac xels uwyobs maT normalur moqmedebas. SekavebiT daculia kunTe-
bi da organoebi gadaRlisagan.

cnobilia ori tipis Sekaveba. pirvelia postsinafsuri Sekaveba, rodesac daqveiTebulia nei-
ronis somisa da dendritebis membranis agznebadoba. meorea presinafsuri Sekaveba, rodesac Semci-
rebulia an ar xdeba mediatoris gamoyofa presinafsuri nervuli daboloebidan. centralur ner-
vul sistemaSi mniSvnelovan rols asrulebs postsinafsuri Sekaveba. periferiul nervul sistemaSi 
aqtiuria presinafsuri Sekaveba.

Sekaveba xorcieldeba mediatoris gavleniT postsinafsur membranaze, ris Sedegadac mokle 
droiT xdeba K+ an Cl- ionebis membranaSi ganvladobis gazrda, rac iwvevs potencialis gazrdas _ 
hiperpolizacias, rasac mosdevs agznebadobis daqveiTeba. arsebobs mravali sxvadasxva Semakavebe-
li mediatori.

SekavebiT xorcieldeba qceviTi aqtebis regulireba. pirobiTi refleqsuri moqmedebis Seka-
veba SeiZleba ganxorcieldes ori gziT: erTi _ Sinagani anu pirobiTi Sekaveba, meore _ garegani 
anu upirobo Sekaveba. Sinagani ganxorcieldeba im SemTxvevaSi, rodesac gamRizianeblis ganmtkiceba 
ar xdeba upirobo gamRizianebliT. garegani Sekaveba xorcieldeba im SemTxvevaSi, rodesac pirobi-
Ti gamRizianeblis moqmedebasTan erTdroulad amoqmeddeba sxva saxis gamRizianebeli.

nervul sistemaSi mimdinare yvela procesi imarTeba agznebisa da Sekavebis moqmedebiT.

8.1.5. sensoruli sistemebi
sensoruli (laT. sensus _ grZnoba) sistema aris nervuli sistemis sxvadasxva struqturis 

funqciuri erToblioba, romlis saSualebiTac adamiani aRiqvams garemos da organizmSi mimdinare 
procesebs. aRqma xdeba specializebuli grZnobaTa organoebiT, kerZod, Tvali, yuri, kanis safarve-
li, ena, rogorc gemos SemgrZnebi, cxviri _ sunis aRmqmeli. grZnobaTa organoebi isea anatomiurad 
da morfologiurad agebuli, rom isini reagireben mxolod garkveul specifikur stimulze. grZ-
nobaTa organoSi arsebuli receptorebi stimulebs gardaqmnis nervul impulsebad da mgrZnobiare 
boWkoebiT agzavnis centralur nervul sistemaSi, sadac xdeba miRebuli informaciis gadamuSaveba 
da SegrZnebis warmoqmna.

receptorTa zogadi mimoxilva. gare samyarosa da organizmSi mimdinare procesebis SegrZne-
ba receptorTa moqmedebiT iwyeba. (receptum laT. _ mimRebi).

receptori rTuli agebulebis warmonaqmnia, romelic gamRizianeblis moqmedebas nervul 
impulsebad gardaqmnis da Tavis tvinSi agzavnis. receptorebidan mosul nervul impulsebs Tavis 
tvini gadaamuSavebs, ayalibebs grZnobas da Semsrulebel organoebs nervebis meSveobiT ugzavnis 
informacias moqmedebis Sesaxeb, ris safuZvelzec organizmi asrulebs garkveul qcevas. recepto-
rebidan miRebuli informaciis Sedegad organizms tkivilis, SimSilis, simaZRris, wyurvilis, SiSis, 
sixarulisa da sxva mravali saxis grZnoba uyalibdeba. im signalebis meSveobiT, romlebic sxvadasxva 

cxrili 8.5
gansxvaveba upirobo da pirobiT refleqsebs Soris

Uupirobo refleqsebi pirobiTi refleqsebi

memkvidrulia (Tandayolili) Aaramemkvidrulia (SeZenilia cxovrebis manZilze)

erTnairia saxeobaSi gaerTianebuli
yvela individisaTvis

individualuria, gamomuSavdeba
cxovelis sakuTari gamocdil-ebiT

xorcieldeba zurgisa da Tavis tvinis Rerovan nawi-
lebSi

xorcieldeba Tavis tvinis didi naxevarsferoebis 
qerqis monawil-eobiT

ucvlelia da arsebobs mTeli cxovrebis manZilze cvalebadia, mudmivad xdeba warmoqmna da Caqroba

xorcieldeba Tandayolili upiro-bo refleqsuri 
rkalis meSveobiT

xorcieldeba droebiTi kavSiris Camoyalibebis 
safuZvelze
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receptoridan Tavis tvins ga-
daecema, cxoveli da adamiani 
orientacias axdens garemoSi 
da Sesabamisad reagirebs maT 
cvlilebebze.

receptori reagirebs 
mxolod garkveul gamRizia-
nebelze. Tvali _ sinaTleze, 
yuri _ xmaurze da a. S. re-
ceptorTa moqmedeba speci-
fikuria: smenis receptori ar 
aRiqvams sinaTles, ynosvis re-
ceptori ar reagirebs gemovne-
baze, temperaturis SemgrZnebi 
receptorebi ar reagirebs wne-
vaze. maSasadame, yovel recep-
torSi agzneba SeiZleba war-
moiSvas mxolod gansazRvruli 
gamRizianeblebis zemoqmede-
biT. receptorTa specifiku-
roba gamowveulia maTi agebulebis TaviseburebebiT. yvela receptors, miuxedavad gansxvavebuli 
agebulebisa, gaaCnia erTi saerTo Tviseba – garemodan organizmze da organizmSi moqmed gamRizia-
neblebs gardaqmnis nervul impulsebad.

mdebareobis mixedviT receptorebs yofen sam jgufad. sxeulis zedapirze moTavsebul recep-
torebs garegani ewodeba. aseTebia: mxedvelobis, smenis, kanze arsebuli, pirisa da cxviris Rrus re-
ceptorebi. im receptorebs, romlebic moTavsebulia Sinagan organoebSi da sisxlZarRvebSi, uwode-
ben Sinagans, xolo ConCxis, kunTebisa da myesebis receptorebs – proprioreceptorebs.

organizmisaTvis gansakuTrebiT didi mniSvneloba 
aqvs tkivilis gancdas. nebismieri mZlavri gaRizianeba, 
romelic qsovilis dazianebas iwvevs, tkivilis aRmocene-
bas ganapirobebs. tkivilis biologiuri daniSnulebaa or-
ganizmis dacva damazianebel agentTa zemoqmedebisagan. 
tkivili erTgvari gamafrTxilebeli signalia Tavdacvi-
Ti reaqciebis gamosawvevad. igi sxvadasxva SemTxvevaSi 
sxvadasxvanairia. amitom Znelia gadaWriT imis Tqma, Tu 
ramdeni saxis SeiZleba iyos tkivilis gancda.

adamianis Tvalis agebuleba.  grZnobaTa organo-
Ta Soris yvela met informacias adamiani Tvalis meSve-
obiT iRebs. xerxemlianebisa da adamianis Tvali wyvili, 
sferuli organoa, romelic qalas TvalbudeSi imyofe-
ba. igi kargadaa daculi ZvlebiT. garda amisa adamianSi 
Tvals icavs warbebi, quTuToebi, wamwamebi da sacremle 
jirkvlebis sekreti. Tvalis kakali kunTebiT Tvalbu-
dis Zvlebzea damagrebuli. kunTebi Tvals amoZravebs 
yvela mimarTulebiT.

Tvalis kakali funqciis mixedviT sam nawilad iyo-
fa. pirveli aris _ Tvalis kaklis formis damcveli da 
misi mkvebavi aparati. meore _ mxedvelobis dioptruli 
aparati, romelic sinaTlis sxivis gardatexas da gata-
rebas emsaxureba. mesame - receptoruli aparati, rome-
lic aRiqvams sinaTlis 400-dan 750-mde nanometris dia-
pazonis talRebs.

Tvalis kedels qmnis erTmaneTTan mWidrod da-
kavSirebuli, gansxvavebuli agebulebisa da funqcii-
sa sami Ggarsi (sur. 8.11). garedan Tvalis kakals faravs 
damcvelobiTi funqciis cilovani garsi anu sklera. igi 
wina nawilSi gamWirvalea da rqovanas qmnis. uSualod 
rqovanas ukan siTxiT savse wina sakania moTavsebuli. 
Sua - sisxlZarRvovani garsi Tvalis kvebas emsaxureba. 

sur. 8.11. Tvalis agebuleba

sur. 8.12. mxedvelobis receptorebi



178.

Tavi  8 

am garsis SigniTa zedapirze Savi pigmen-
tebis Txeli Srea, romelic STanTqavs 
mavne sxivebs. Sua garsis wina nawilSi 
pigmenturi ujredebia, rac Tvalis fers 
ganapirobebs. am nawils feradi garsi anu 
irisi ewodeba. mis centrSi xvrelia, ro-
melsac guga qvia. irisi Seicavs kunTo-
van boWkoebs, romlebic aviwroveben an 
afarToveben gugas, riTac xdeba TvalSi 
SeRweuli sxivebis raodenobis regula-
cia Zlieri an susti ganaTebisas. gugis 
ukan moTavsebulia gamWirvale ormxri-
vamozneqili sxeuli - linza anu broli. 
masTan aris dakavSirebuli wamwamovani 
kunTebi romlis moqmedebiTac brolis 
simrudis radiusi icvleba. am kunTebis 
SekumSva adidebs brolis simrudes da 
amcirebs fokusur manZils.

Tvalis SigniTa garsi aris retina 
anu badura. igi fotorecepcias emsaxu-
reba. Tvalis wina nawilis zedapirze ba-
dura ganuviTarebelia. Tvalis fskerze, 
baduris centrSi mxedvelobis nervis ga-
mosvlis adgilze  receptorebi ar aris 
da gamosaxuleba ar miiReba, amitomac  am 
ubans brma xali ewodeba. mis axlos (gugis 
mopirdapired) receptotorebiT mdida-
ri ubani _ yviTeli xalia moTavsebuli. 
receptorebi ori saxisa: Cxirebi, romle-
bic aRiqvamen sust sinaTles da kolbebi, 
romlTa meSveobiTac xdeba Zlieri sinaT-
lis aRqma da ferebis garCeva. Cxirebsa da 
kolbebs ganixilaven rogorc Tavisebur 
neironebs, romlebic baduris bipola-
rul neironebs ukavSirdebian (sur. 8.12).  
baduraSi Cxirebi da kolbebi araTanabra-
daa ganawilebuli. adamianis TvalSi Cxi-
rebis raodenoba gacilebiT metia vidre 
kolbebisa. Cxirebi daaxloebiT 100 mi-
lionia, kolbebi 6 milioni.

Tvalis kaklis Siga nawili mlia-
nad amovsebulia gamWirvale labovani 
siTxiT, romelsac minisebri sxeuli ewo-
deba. igi formas unarCunebs Tvals. Tva-
lis dioptruli anu sxivmtexi aparatis 
mTavari nawilia broli. amave funqciaSi 
monawileobs minisebri sxeuli, rqovana da 
wina sakani. dioptruli nawili awarmoebs 
sinaTlis sxivebis fokusirebas da uzrun-
velyofs baduraze saganTa Semcirebuli 
da Sebrunebuli mkafio gamosaxulebis 
miRebas. Tvalis Seguebas sxvadasxva man-
ZiliT daSorebuli sagnebis danaxvisadmi 
akomodacia ewodeba. sinaTlis sxivebiT 
gaRizianebis Sedegad receptorebSi war-
moiqmneba agzneba, romelic mxedvelobis 
nerviT  Tavis tvinis qerqis mxedvelobis 
zonaSi (mdebareobs kefis wilSi) miemar-
Teba. aq xdeba gaRizianebis saboloo gar-

sur. 8.13. smenis organo: 1 _ yuris niJara; 2 ¬ naxevarrkalovani 
arxebi; 3 _ sasmeni nervi; 4 _ gareTa sasmeni mili; 5 _ loko-
kina; 6 _ evstaxis mili; 7 _ dafis apki; 8 _ CaquCi; 9 _ gr-
demli; 10 _ uzangi.

sur. 8.14. Siga yuri

sur. 8.15. enaze arsebuli gemovnebis zonebi, romlebSic re-
ceptorebia
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Ceva, analizi. 
TvalSi sxivebis gardatexis ori 

mTavari anomalia arsebobs sibece da 
Sorsmxedveloba. pirvel SemTxvevaSi 
mTavari fokusi iqmneba ara baduraze, 
aramed mis win. Sorsmxedveloba sibecis 
sawinaaRmdego movlenaa. mTavari fokusi 
baduris ukan iqmneba, masze ki sagnis bun-
dovani gamosxuleba miiReba. 

smenis organoebis agebuleba. ada-
mianis smenis organo Sedgeba gareTa, Sua 
da SigniTa yurisagan (sur. 8.13.).

gareTa yuri Sedgeba yuris niJari-
sa da gare sasmeni milisagan. yuris niJa-
ra bgerebis rxevas ,,iWers~ da mimarTavs 
gare sasmeni milisaken, romlis boloze 
dafis apkia gadaWimuli.

Sua yurSi moTavsebulia Tanmimde-
vrulad SeerTebuli sami patara sasmeni 
Zvali: grdemli, CaquCi da uzangi. Zvle-
bi erTmaneTTan akavSirebs dafis apksa 
da SigniTa yurs. SigniTa yuri (sur. 8.14). 
Seicavs siTxiT savse Rruebsa da arxebs. 
am rTulad agebul organoSi smenis funqcias asrulebs mxolod spiralurad daxveuli lokokina, 
sadac ganlagebulia smenis receptorebis didi raodenoba. SigniTa yurSi moTavsebulia, agreTve, 
wonasworobis organo - karibWe.

bgeriTma talRebma lokokinamde garkveuli gza unda gaiaros. Tavdapirvelad bgera ecema 
dafis apks da mis rxevas iwvevs. Sua yuris mxridan dafis apks ebjineba CaquCi, romelic rxevebs ga-
dascems grdemlsa da uzangs. uzangi rxevebs gadascems lokokinas siTxes. siTxis rxeva iwvevs re-
ceptorebis gaRizianebas, romlebic rxevebs gardaqmnis nervul impulsad. sasmeni nerviT impulsi 
aRwevs Tavis tvinis qerqis smenis zonas, sadac xdeba bgerebis aRqma. 

karibWe anu vestibuluri aparati wonasworobis organoa, romelic aRiqvams sivrceSi sxeu-
lis mdebareobasa da misi moZraobis mimarTulebis Secvlas. karibWe moicavs apkovani labirinTis 
vestibulur (mrgval da ovalur) parkebs da sam urTierTperpendikularul naxevarrkalovan  arxs. 
receptorebi ganlagebulia labirinTis mxolod garkveul ubnebze.  labirinTis Rrus siTxeSi kiro-
vani kristalebis (otoliTebi) grovebia, romlebic Tavis an sxeulis mdebareobis Secvlisas exebian 
receptorul ujredebs da aRizianeben maT. warmoqmnili impulsi smenisa da vestibuluri nerviT 
gadaecema Tavis tvins didi naxevarsferoebis safeTqlis wils.

gemosa da ynosvis receptorebi. adamianis gemos receptorebi ganlagebulia enaze, sasis uka-
na kedelsa da rbil sasaze (sur. 8.15). isini aigzneba mxolod nerwyvSi gaxsnili qimiuri nivTierebe-
bis moqmedebiT. yvelaze meti receptori ganlagebulia enis wverze, mis kideebsa da ukana nawilze. 
enis qveda mxares receptorebi ar aris.

adamiani ZiriTadad oTx gemos aRiqvams: tkbils, mlaSes, cxaresa da mJaves. kvebis dros Cven 
ramdenime gemos erTdroulad aRviqvamT, Tumca yoveli receptori damoukideblad aigzneba. sakve-
bis qimiuri nivTierebebi aRizianebs gemos receptorebs, gemos nerviT agzneba miemarTeba Tavis 
tvinis qerqis gemos zonaSi (sur. 8.16), sa-
dac xdeba gaRizianebis garCeva. gemosa da 
ynosvis zona Tavis tvinis qerqis erTsa da 
imave wilSia moTavsebuli. mxedvelobasa 
da smenasTan SedarebiT, adamianis ynosva 
naklebad aqvs ganviTarebuli, Tumca, ma-
galiTad, sakvebis xarisxs mainc ynosviT 
afasebs . pirSi moxvedrisas sakvebis gemos 
garda, Cven vgrZnobT mis suns, eniT vexe-
biT sakvebs, ganvsazRvravT mis zedapirs, 
formasa da temperaturas. 

ynosvis organo moTavsebulia cxvi-
ris RruSi (sur. 8.17). misi zedapiri dafa-
rulia  lorwovani garsiT. cxviris Rrus 

sur. 8.16. gemovnebis aRqma

sur. 8.17. ynosvis organo
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zemo nawilSi moTavsebulia saynosavi 
midamo., romlis lorwovani garsis epi-
Teliumi ori saxis ujredebs Seicavs: 
sensorulsa (receptori) da sayrdens. 
receptori (sensoruli ujredi) bipo-
laruli neironia, romelic cilindrul 
sayrden ujredebs Sorisaa moTavsebuli. 
mas wina boloze mravali wvrili wamwamo-
vani gamonazardi aqvs. wamwamebi zrdian 
receptoris Semxeb zedapirs. igi Rizian-
deba haerSi difuzirebuli nivTierebe-
biT. receptoris meore bolodan gamodis 
boWko, romlebic  ynosvis nervis bolqvSi 
miemarTeba.

Sexeba da kunTuri grZnoba. Sexe-
bis receptorebi ZiriTadad gabneulia 
kanze, piris RruSi. saganTan Sexebisas 
Cvenze erTdroulad ramdenime gamRizia-

nebeli moqmedebs. magaliTad, roca xelSi gviWiravs Wiqa civi wyliT, Cven vgrZnobT wylis temperatu-
ras, Wiqis zedapirs, mis formas. kanSi ganlagebulia kanis receptorebi. erT receptors aRizianebs 
siTbo, meores _ sicive, mesames _ sagnis zedapiri (xorkliani, sada). am receptorebis gaRizianeba 
iwvevs agznebas, romelic mgrZnobiare nerviT miemarTeba Tavis tvinis qerqis kanis mgrZnobelobis 
zonisaken. aq xdeba gamRizianeblebis saboloo garCeva. Sexebis grZnoba kargad aqvs ganviTarebuli 
adamians, gansakuTrebiT bevri receptoria ganlagebuli TiTebze, tuCebze, cxviris wverze. SromiT 
saqmianobaSi adamianisaTvis Sexebas didi mniSvneloba aqvs, kanSi ganlagebuli Sexebis receptorebis 
saSualebiT adamianebi refleqsurad Tavs arideben basr, wvetian, cxel sagnebs (sur. 8.18).

kunTebSi ganlagebulia receptorebi, romlebic kunTis daWimvis dros aigzneba. Cven SegviZlia 
TvaldaxuWulad uSecdomod vipovoT CanTaSi gasaRebi, erTi xeli ise avwioT an movxaroT, rogorc 
meore, zusti moZraobiT SevexoT cxviris wvers da a. S.

rodesac adamians darRveuli aqvs kunTuri grZnoba, is kargavs moZraobis sizustes. aseTi ada-
mianebi iZulebulni arian mxedvelobis saSualebiT Seamowmon moZraoba. Sexebisa da kunTuri grZno-
ba gansakuTrebiT kargad aqvT ganviTarebuli usinaTlo adamianebs.

zog grZnobas axasiaTebs SeCveva, e. w. Segueba. magaliTad, ynosvis receptorebi male egue-
ba suns da adamiani ramdenime xanSi veRar grZnobs mas. sainteresoa, rom am dros sxva sunis mimarT 
mgrZnobeloba normaluria.

Seguebis Tviseba temperaturis receptorebsac axasiaTebs. magaliTad, roca Tbil wyalSi 
xels CavdebT, siTbos mxolod dasawyisSi vgrZnobT, mere es grZnoba qreba. tansacmlis Sexebas mxo-
lod Cacmisas aRviqvamT, mere ki mTeli dRis ganmavlobaSi tanisamosis dawolas veRar vgrZnobT.

8.1.6. endokrinuli sistema

Sinagani anu endokrinuli (berZ. endon _ Sinagani, crino _ vyof) sistemis moqmedeba mWidrod 
aris dakavSirebuli nervul sistemasTan, orive sistema erToblivad aregulirebs organizmSi 
mimdinare metabolizmis procesebs, organoebisa da organoTa sistemebis SeTanxmebul muSaobas, 
akontrolebs homeostazis mdgomareobas. am sistemebs SeuZlia gamoiwvios qsovilebsa da organoeb-
Si rogorc funqciuri, ise morfologiuri cvlilebebi. fiziologiuri procesebis regulireba 
xorcieldeba endokrinul jirkvlebSi gamoyofili biologiurad aqtiuri nivTierebebiT _ hormo-
nebiT (berZ. hormao – momyavs moZraobaSi an vagzneb).

adamians evoluciis procesSi Camouyalibda organizmis marTvis mniSvnelovani neiroen-
dokrinuli regulacia. neiroendokrinul regulaciaSi aqtiuradaa CarTuli Tavis tvinis sxva-
dasxva struqtura: hipoTalamusis birTvebi, hipofizi da epifizi. hipoTalamusis birTvebi gavle-
nas axdens endokrinul jirkvalTa moqmedebaze, hipoTalamusis zemoqmedebiT hipofizis wina nawili 
gamoyofs hormonebs, romlebic aamoqmedebs Tirkmelzeda, farisebr da sasqeso jirkvlebs. hipoTa-
lamusis birTvebis garda, centraluri nervuli sistemis sxva struqturebsac SeuZlia nervuli im-
pulsebiTa da mediatorebiT gavlena moaxdinos endokrinuli jirkvlebis funqciaze. endokrinuli 
jirkvlebi hormonebs uSualod sisxlSi gamoyofs. aseT regulacias humoruli (laT. humoralis – 

sur. 8.18. kanis mgrZnobelobis receptori
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siTxe) ewodeba. hormonebi ar warmoadgens damoukidebel regulatorebs. maTi warmoqmna da sisxlSi 
gadasvla nervuli da humoruli regulaciis erTiani rgolia. hormonebis gamomuSaveba da amoqmede-
ba organizmis mdgomareobasa da garemo pirobebzea damokidebuli. hormonebis warmoqmnis intensiu-
roba damokidebulia maT mier regulirebadi procesis fiziologiur mdgomareobaze. regulireba 
mimdinareobs ukukavSiris principiT, rac uzrunvelyofs Sinagan garemoSi _ sisxlSi hormonebis 
koncentraciis saWiro doneze SenarCunebas. hormonebis koncentraciis mateba an Semcireba iwvevs 
paTologiur cvlilebebs, viTardeba neiroendokrinuli daavadebebi, homeostazi irRveva.

cxrili 8.6
hormonebis gamomyofi jirkvlebi da maTi moqmedeba

jirkvlebi hormonebi moqmedeba

hipofizis wina wili 

somatotrofini
Tirotropini
prolaqtini
melanocitotropini
gonadotropinebi
adrenokortikotro
pini

Zvlis zrdis stimulacia farisebri jirkvlis funqci-
is regulacia sarZeve jirkvlebis zrdis da laqtaciis 
stimulireba kanis pigmentaciis da melaninis sinTezis 
situacia qalebSi astimulirebs ovogenezs, estrogene-
bis sekrecias, ovulacias da yviTeli sxeulis warmoqm-
nas. kacebSi astimulirebs spermatogenezis da sasqeso 
hormonebis gamoyofas. Tirkmelzeda jirkvlis qerquli 
hormonebis sekreciis regulacia

hipofizis ukana wili
oqsitocini 
vazopresini

saSvilosnos SekumSva da gluvi kunTebis tonusis 
gaZliereba, Tirkmlis arxebSi wylis Sewova da wnevis 
momateba

farisebri anu Tire-
oiduli

Tiroqsini, 
Tireokalcitonini

gonebrivi da fizikuri ganviTarebis da zrdis stimuli-
reba
fosforisa da kalciumis cvlis regulacia

paraTireoiduli paratormoni kalciumisa da fosforis cvlis regulacia

kuWqveSa jirkvlis 
langerhasis kunZu-
lebi

insulini
glukagoni

naxSirwylebis cvlis regulacia

 Tirkmelzeda jir-
kvlis qerqovani Sre

hidrokortizoni
aldosteroni
androgenebi

naxSirwylebis, cilebisa da cximebis cvlis regulireba 
mineralur naerTTa, wylis da marilebis Tanafardobis 
regulireba astimulirebs sasqeso jirkvlebs

Tirkmelzeda jir-
kvlis
tvinovani Sre

adrenalini
noradrenalini

nivTierebaTa cvlis stimulireba, gavlenas axdens gu-
lis sisxlZarRvebze

sakvercxe
yviTeli sxeuli

estradioli,
estroni
progesteroni

sasqeso organoebis, meoradi sasqeso niSnebis da sqeso-
brivi qcevis ganviTareba
fexmZimeobis normaluri mimdinareoba

saTesle testosteroni
sasqeso organoebis, meorad, sasqeso niSnebis da sqeso-
brivi qcevis ganviTareba

hormonis molekulebi mcire zomisaa da amitom advilad axerxebs kapilaris kedlebisa da 
ujredebis plazmuri membranebis gadalaxvas. hormonTa Zlier aqtiurobaze metyvelebs Semdegi ma-
galiTebi: Tirkmelzeda jirkvlis mier gamoyofili hormonis adrenalinis 1 g. sakmarisia imisaTvis, 
rom gaaZlieros 10 milioni bayayis izolirebuli gulis moqmedeba, sxvanairad adrenalini gulze 
moqmedebs 1X10-7 g. raodenobiT. pankreasis langerhansis kunZulebis mier gamoyofili insulinis 1 g. 
sakmarisia imisaTvis, rom 125000 kurdRlis sisxlSi gamoiwvios Saqris donis daqveiTeba.

jirkvlebidan gamoyofili hormonebi sisxlSi gadasvlis Semdeg cirkulirebs mTel organizm-
Si da miitaneba TiTqmis yvela organosTan, magram moqmedebs mxolod samizne organoze. samizne ewo-
deba im organos, romelzec moqmedebs hormoni. 

moqmedebis xasiaTis mixedviT ganasxvaveben hormonTa sam funqciur jgufs. pirvel jgufSi ga-
erTianebulia is hormonebi, romlebic pirdapir moqmedebs efeqtorul organoebze. Sesabamisad maT 
efeqtorul hormonebs uwodeben. meore jgufis hormonebi uSualod ar moqmedebs organoebze, ma-
gram xels uwyobs efeqtoruli hormonebis warmoSoba-gamoyofas, maT trofikuli anu glandotro-
puli hormonebi ewodeba. mesame jgufis hormonebs hipofiziotropuls uwodeben. es is hormonebia, 
romlebic sinTezirdeba hipoTalamusis birTvebSi da aregulirebs hipofizis hormonebis sinTezsa 
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da gamoyofas.
garkveulia hormonTa umravlesobis struqtura da moxerxda maTi xelovnurad sinTezirebac. 

struqturis mixedviT hormonebs sam klasad yofen: pirvelia _ steroidebi, meore _ aminomJava-
Ta derivatebi, mesame _ cila-peptiduri naerTebi. hormonTa molekulebi rTuli agebulebisaa da 
ramdenime fragments Seicavs. molekulis sxvadasxva fragmenti hormonis sxvadasxva Tvisebas gana-
pirobebs. erTi nawili poulobs samizne ujreds, romelzedac unda imoqmedos, meore fragmentma ki 
hormonis specifiuri zemoqmedeba unda ganaxorcielos.

adamianis organizmSi identificirebulia Semdegi endokrinuli jirkvlebi: tvinis qveda da-
namati anu hipofizi. hipofizSi arCeven wina da ukana nawilebs, romlebic gansxvavebul hormonebs 
gamoimuSavebs. tvinis zeda danamatia epifizi. Tirkmelzeda jirkvlebi, romelebSic arCeven or 
Sres, garegans _ qerqovans da SigniTas – tvinovans, farisebri anu Tiroiduli da paraTireoduli 
jirkvlebi. langerhasis kunZulebi, romlebic pankreasSia moTavsebuli, mkerdukana jirkvali anu 
Timusi, placenta, sasqeso jirkvlebi anu gonadebi, romelTa Soris gairCeva mdedrobiTi – sakverc-
xe da mamrobiTi – saTesle. endokrinul jirkvalTa mier gamoyofili hormonebi da maTi moqmedebis 
sfecifika mocemulia cxrilSi (cxrili 8.6).

adamianSi homeostazisa da sasicocxlo funqciebis regulireba mimdinareobs nervul da en-
dokrinul sistemaTa SeTanxmebuli moqmedebiT. kavSiri maT Soris ormxrivia, endokrinuli regula-
cia nervulisagan gansxvavebiT xangrZlivad grZeldeba.

endokrinul jirkvalTa funqciis regulirebaSi mniSvnelovan rols asrulebs simpaTikur da 
parasimpatikur nervul boWkoebSi gamoyofili mediatorebi. mimdinareobs endokrinul jirkvalTa 
moqmedebis ormagi kontroli. 

gamoTqmulia mosazreba, rom evoluciis procesSi adamianSi hormonuli regulacia endokri-
nuli jirkvlebis Camoyalibebamde gaCnda. mogvianebiT Camoyalibda marTvis rTuli neiroendokri-
nuli sistema.

8.1.7. fsiqika da qceva
fsiqikuri procesebis zegavleniT adamianis mier ganxorcielebul kompleqsur aqtiur moq-

medebas qceva ewodeba. igi xorcieldeba ConCxis kunTebis moqmedebiT, regulirdeba nervuli da en-
dokrinuli sistemebis gavleniT. mudmivad cvlad Sinagan da garegan faqtorTa zemoqmedebis gamo 
adamians mravalferovani qcevebis ganxorcieleba uxdeba. qceva individualuri xasiaTisaa da da-
swavliT ganicdis daxvewas.

cnobilia sami tipis martivi daswavla, romelic adamianTa qcevas ganapirobebs. pirvelia ha-
bituacia anu SeCveva. SeCveva xdeba maSin, rodesac konkretuli gamRizianebeli xSirad moqmedebs. 
pirvel xanebSi adamiani reagirebs mis moqmedebaze, xolo momdevno periodSi aRar pasuxobs. meorea 
sensitizacia. sensitizacia habituaciis sawinaRmdego moqmedebaa. sensitizaciis SemTxevaSi ada-
miani intensiurad reagirebs im gamRizianebelze, romelzedac adre ar pasuxobda. daswavlis orive 
forma _ habituacia da sensitizacia xels uwyobs adamians, Seeguos saarsebo garemos. qcevis orive 
formas didi mniSvneloba aqvs gadarCenisTvis. sinsitizaciis SemTxvevaSi organizmi gamRizianebels 
aRiqvams, rogorc Semawuxebels da cdilobs Tavi aaridos mis moqmedebas. habituaciis SemTxvevaSi 
gamRizianebelze organizmi aRar reagirebs vinaidan xvdeba, rom gamRizianebels misTvis araferi 
saSiSroeba ar moaqvs.

daswavlis mesame formaa klasikuri anu pavlovis ganpirobeba (pirobiT refleqsuri). pirobiT 
refleqsuri daswavla ganxilulia nervuli sistemis refleqsuri organizaciis aRwerisas. 

ganxiluli sami tipis daswavlas imitom ewodeba martivi, rom is cxovelebsac axasiaTebT da 
gansxvavdeba adamianTa im qcevebisagan, romlebic Txoulobs gacnobierebas. gacnobierebuli qceva 
aris, rodesac ici, ratom akeTeb.

XX saukunis dasawyisSi fsiqologiaSi iwyeba ganviTarebis axali didi etapi. fsiqologiaSi gaC-
nda gamoTqma ̀ qcevis faqti”. qcevas fsiqologebi miiCneven fsiqikis garegan gamoxatulebad. fsiqika 
aris tvinis gansakuTrebeli Tviseba – funqcia, rac gamoixateba gare samyaros asaxvaSi. is adamianis 
sulier ZalTa SesaZleblobaTa erTobliobaa.

1913 wels amerikeli fsiqologi jon uotsoni aqveynebs statias `fsiqologia bihevioristis 
TvalTaxedviT~. es weli fsiqologiaSi iTvleba axali mimarTulebis _ biheviorizmis dasawyisad 
(ingl. behavior _ qceva). uotsonis ganmartebiT, qceva aris reaqciaTa sistema. man pirvelma Semoita-
na fsiqologiaSi termini `reaqcia~ da daasabuTa misi warmoSoba. 

adamianis nebismier reaqcias safuZvlad udevs garemos konkretuli faqtori. man garemos fa-
qtorebis aRsaniSnavad SemoiRo termini `stimuli~” da Camoayaliba popularuli formula stimul 
- reaqcia: 		  S - R

S - aris garemos stimuli
R - organizmis reaqcia
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bihevioristuli kvlevebis gafarToebam maleve naTeli gaxada uotsonis `stimul-reaqciis~ 
sqemis SezRuduloba. stimulsa da qcevas Soris imdenad rTuli da mravalferovani damokidebuleba 
arsebobs, rom Zneldeba maT Soris calsaxa kavSiris dadgena. am xarvezis gamosworebisaTvis e. tol-
menma gadawyvita, S-R Soris Semoetana damatebiTi cvladi. uotstonis sqemam miiRo Semdegi saxe: 

S _ V _ R
Sualedur V cvladSi tolmeni gulisxmobs pirovnebis: survils, mizans, emociur gancdas, ro-

melTa Sinagani gavleniT stimulebi iwvevs qcevis garegan gamoxatulebas. e. tolmenma mis mier Semo-
tanil cvlads konstruqtori uwoda.

aRsaniSnavia is garemoeba, rom daswavlis mecnieruli ganmarteba ver moxerxda, erTi ki naTe-
lia _ mkvlevarTa didi nawili fiqrobs, rom daswavla aris gamocdilebis safuZvelze warmoqmnili 
mdgradi qceva. cxovelebisagan gansxvavebiT adamiani cnobierebis safuZvelze aregulirebs qce-
vebs. 

cnobiereba aris obieqturi sinamdvlis asaxvis forma, romelic damaxasiaTebelia mxolod 
adamianisaTvis. cnobiereba warmoadgens fsiqikuri procesebis erTobliobas, romlebic aqtiurad 
monawileobs adamianis mier gare samyarosa da sakuTari yofierebis gaazrebaSi. igi ganuyreladaa 
dakavSirebuli metyvelebasTan. adamiani Camoyalibda sityvebiT manipulirebis unaris gamo. sityva 
aZlevs adamians smenis, xedvis, gansjis, msjelobis, azrovnebis, laparakis, ocnebisa da siyvarulis 
saSualebas. sityvam adamians misca Semoqmedebis, aRmoCenisa da garemos Secvlis unari. adamianis 
tvins sityvebi uyalibebs xatebs, uqmnis Sinagan subieqtur samyarosa da cnobierebas. sityvebis me-
SveobiT informacia kulturis Sesaxeb gadaecema sxva adamianebsa da Taobebs werilobiT, verbalu-
rad da maTematikuri formulebiT. sityvebi adamianma TviTon Seqmna, ris Sedegadac gamoeyo cxo-
velTa samyaros da Camoayalibda koleqtiuri cnobieri noosfero.

fsiqologebi adamianis fsiqikas swavlobdnen tvinis gareSe. neirofiziologebi ki tvins fsiqi-
kis gareSe swavlobdnen. gasuli saukunis ocdaaTiani wlebidan iwyeba axali era. moxda koevolucia. 
warmoiqmna axali didi perspeqtivis mqone dargi neirofsiqologia. neirofiziologiis eqsperimen-
tuli kvlevis meTodebi mivida im SesaZleblobamde, rom adamianis Tavis tvinis sxvadasxva stru-
qturaze uSualo zemoqmedebiT moxerxda fsiqikur procesebSi Careva. Canergili eleqtrodebiT 
Tavis tvinis sxvadasxva struqturis eleqtrulma stimulaciam gamoiwvia laparakis, survilisa da 
siamovnebis grZnoba. es adamianTa sityviT, saxis gamometyvelebiTa da qceviTac dadasturda. am ti-
pis neirofiziologiuri kvlevis Sedegebma uSualo kavSiri daamyara fsiqologiasTan. fsiqologiis 
mizania neirofsiqologiur procesTa Secnoba. SemTxveviTi araa, rom axal mimarTulebas aqtiurad 
daukavSirdnen neirolingvistebic.

8.1.8. emocia da motivacia
sityva emocia xmarebaSi frangulidan Semovida, romlis Ziri laTinuria da qarTulad mRel-

varebas niSnavs. misi gamoyeneba iwyeba XVII saukunidan, adaminis sulieri mRelvarebis aRsaniSnavad 
rogorebicaa sixaruli, SiSi, ganrisxeba da sxv. aRsaniSnavia is garemoeba, rom uiliam Seqspiri, 
romelic iTvleba mravalferovani sityvebis gamomyenebel mwerlad arc erT Tavis nawarmoebSi ar 
xmarobs sityvas emocia. miuxedavad imisa, rom misi literaturuli gmirebi xSirad imyofebian sxva-
dasxva daZabulobis emociur mdgomareobaSi.

adamians moqmedebasTan erTad grZnobac gaaCnia. xSirad gagvigia gamoTqmebi: `gabrazebuli 
var~, `Sewuxebuli var~, `me bednieri var~, `minda davexmaro~. gvesmis yvelas, ras ganicdian am sit-
yvebis warmomTqmeli pirebi. xSirad vlaparakobT sixarulze, SiSsa da sxva emociur mdgomareobaze, 
magram mecnierulad ver moxerxda emociis iseTi ganmarteba, romelSic ar iqneboda subieqturi gan-
cdebisa da Tvisebebis CamonaTvali. miuxedavad aseTi didi xarvezisa unda gvaxsovdes 2300 wlis wi-
nandeli aristoteles naTqvami: `grZnobebi unda marTo WkuiT~. naTqvami unda ganvaxorcieloT cxo-
vrebaSi, vinaidan emociebi gvevlineba rogorc urTierTobis regulatorebi. emociebs didi roli 
eniWeba partnioris amorCevasa da sazogadoebis wevrebTan kavSiris CamoyalibebaSi.

bolo xanebSi mecniereba mivida im daskvnamde, rom ar SeiZleba vilaparakoT emociebze, Tu ar 
iqneba gaTvaliswinebuli adamianis motivacia. agreTve ar SeiZleba motivaciaze saubari, Tu ar gve-
codineba emociis xasiaTi. 

adamianis motivaciis anu moTxovnilebis sami ZiriTadi jgufi arsebobs. pirveli jgufia vita-
luri anu biologiuri moTxovnilebebi. masSi gaerTianebulia: kveba, wylis miReba, Zili, normaluri 
temperaturis SenarCuneba. motivaciis formirebis neirofiziologiuri safuZvelia homeostazis 
disbalansi.

meore jgufi socialuri moTxovnilebisaa. adamiani cdilobs moipovos garkveuli adgili so-
cialur jgufSi. Seqmnas ojaxi. daicvas is normebi, romlebic miRebulia sociumSi.

mesame jgufi moTxovnilebebisa aris, rom adamianma Seicnos saarsebo garemo. aqtiurad gamoiye-
nos Tavisi mravalferovani SemoqmedebiTi unari da gaaumjobesos Tavisi sasicocxlo pirobebi.
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motivaciaze anu adamianis 
moTxovnilebaze (survilebze) orgvari 
mosazreba arsebobs. pirveli _ adamia-
nis moTxovnilebebi memkvidrulia. meore 
_ adamianis moTxovnilebebi formirde-
ba ontogenezSi, genomisa da fenotipis 
urTierTobis analogiurad. adamianis 
ZiriTadi moTxovnilebebi formirdeba 
cnobierebiT, romelzedac did gavlenas 
axdens kulturuli da socialuri gare-
mo. amitom gansxvavdebian adamianebi, ro-
gorc pirovnebebi erTmaneTisagan. erTi 
da imave garemoSi gansxvavebuli survi-
lebis adamianebi gansxvavebulad moqme-

deben. amitom fsiqologebi yuradRebas amaxvileben emociebis TviTregulaciis unarze. cnobili 
fsiqologi albert bandura wers: `talanati kargia mxolod im SemTxvevaSi, rodesac is realizde-
ba~. is amtkicebda, rom adamianma, dasaxuli miznis misaRwevad aucileblad unda iswavlos sakuTari 
emociebis marTva, gansakuTrebiT maSin, rodesac ar aris darwmunebuli Tavis ZalebSi. 

emocia warmoiqmneba garegani faqtorebisa da subieqtur motivaciaTa urTierTobis Sedegad. 
emocia regulirdeba neironuli da endokrinuli procesebiT. emociis bunebis sirTule SeiZleba 
davaxasiaToT Semdegi CamonaTvaliT.

emocia warmoqmnis afeqtur gancdebs, rogorebicaa dakmayofileba da ukmarisoba. iyofa or 
nawilad dadebiT da uaryofiT emociad.

emocia astimulirebs adamianis SemecnebiT unars, daadginos Secdomebis mizezebi sakuTar 
TavSi an garemos pirobebSi.

emocia avlens mraval Sinagan adaptaciur process.
emocia warmoqmnis mizanmimarTul iseT qcevebs, romlebic adamians aZlevs saSualebas Seeguos 

garemos mudmiv cvlad faqtorebs.
emociis bunebis Sesaxeb mravali Teoriaa Seqmnili, romelTagan aRsaniSnavia 1937 wels anatom 

d. papecis mier wamoyenebuli mosazreba, romelic gamyarebuli iyo misi mimdevrebis cxovelebze Ca-
tarebuli eqsperimentis SedegebiT, da rasakvirvelia, klinikuri monacemebiT. 

dReisaTvis cnobilia, rom emocia ar aris dakavSirebuli Tavis tvinis erT romelime speci-
fikur centrTan. emociis Sinagani gancda da garegani gamoxatuleba mimdinareobs `papecis wreSi~ 
gaerTianebul im mravali struqturebis moqmedebiT, romelsac limburi sistema ewodeba (sur. 8.19). 

8.1.9. Zili da sizmari
Zili aris organizmis regularulad ganmeorebadi mdgomareoba, romlis drosac adamianis Ta-

vis tvini agrZelebs specifikur moqmedebas da ver axerxebs garemos realobis aRqmas. Zilis dros 
organizmis mravali funqcia daqveiTebulia. Senelebulia nivTierebaTa cvla, Semcirebulia gulis 
SekumSvaTa sixSire, daqveiTebulia organizmis kunTuri tonusi, gaiSviaTebulia sunTqva, Senelebu-
lia simpaTikuri nervuli sistemis moqmedeba da daweulia sxeulis temperatura.

normaluri gonebrivi muSaobisaTvis Zili aucilebelia. xangrZlivi uZiloba iwvevs zogadi 
xasiaTis fsiqikur aSlilobas. aseT adamianebs daqveiTebuli aqvT Sromisunarianoba da ver wyveten 
wamoWril amocanebs, gamoirCevian moWarbebuli agznebadobiT, rasac xSir SemTxvevaSi aranormalu-
ri qcevebi mosdevs.

miuxedavad imisa, rom ZilSi organizmis mravali funqcia daqveiTebulia, igi aqtiur fiziolo-
giur procesad iTvleba. Zils aregulirebs Tavis tvini. wina da mogrZo tvinis ganyofilebebSi ar-
sebobs Zilis nervuli centrebi, romelTa gavleniT regulirdeba Zil-RviZilis dRe-Ramuri cikli. 
srulasakovan adamians saSualod 7-8 saaTi, anu dRe-Ramis erTi mesamedi Zinavs. bavSvebs ufro didi 
xani sZinavT, gansakuTrebiT axalSobilebs. amrigad 60 wels miRweuli adamiani daaxloebiT 20 wels 
ZilSi atarebs.

Zils didi mniSvneloba aqvs cocxali organizmebisaTvis. adamians SeuZlia didxans gaZlos sa-
kvebis gareSe, magram uZilod Zalian male iRupeba. cxovelebze Catarebuli cdebiT dadginda, rom 
ZaRls SeuZlia SimSils 25 dRis ganmavlobaSi gauZlos, xelovnurad gamowveul uZilobas ki cxove-
li 5 dReSi daRupvamde mihyavs.

ra aris Zili da ratomaa ase aucilebeli igi cocxali arsebisaTvis?
kacobriobis mTeli istoriis manZilze es sakiTxi adamianTa gansakuTrebuli yuradRebis cen-

trSi iyo. Zveli berZnebi fiqrobdnen, rom Zili RmerT morfeosisagan igzavneboda. zogierT tomSi 
arsebuli Cveulebis mixedviT, ar SeiZleboda mZinaris gamoRviZeba, an misi sxva adgilze gadayva-

sur. 8.19. limburi sistema
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na. Ffiqrobdnen, rom suli, romelic Zi-
lis dros SeiZleboda Sors yofiliyo 
sxeulisagan, ver moaswrebda dabrunebas 
da adamiani mokvdeboda. Zils winaswar-
metyvelur mniSvnelobas aniWebdnen. 
sizmris Sinaarsis mixedviT cdilobdnen 
adamianis momavlis gansazRvras, xalxTa 
bedis winaswarmetyvelebas. mecnierebi 
erTmaneTisagan gansxvavebul hipoTezebs 
gamoTqvamdnen, poetebi xotbas asxavdnen 
sizmars, rogorc obieqtur sinamdviles. 
dante alegieri Tavis ukvdav qmnilebaSi 
`RvTaebrivi komedia~ didi poeturi Za-
liT aRwers sakuTar sizmars – mogzau-
robas saiqioSi.

Zilis bunebis gasarkvevad fizio-
logebi farTod iyeneben specialur xel-
sawyos, romelsac eleqtroencefalogra-
fi ewodeba. Mmisi gamoyenebiT afiqsireben 
Tavis tvinis eleqtrul movlenebs, rom-
lebic aRmocendeba neironebSi, am xelsawyos saSualebiT dadginda, rom sifxizlis dros Tavis 
tvinis eleqtruli suraTi gansxvavdeba Zilis eleqtruli suraTisgan. sifxizlisaTvis damaxasia-
Tebelia dabali amplitudis, xSiri, ZilisaTvis ki maRali amplitudis, neli rxevebi. eqsperimenta-
tors SeuZlia sxva oTaxSi myofi adamianis Tavis kanze moTavsebuli encefalografTan mierTebuli 
eleqtrodebis meSveobiT Seucdomlad gansazRvros cdis pirs sZinavs Tu fxizlobs.

eleqtroencefalografuli Canawerebis analizis Sedegad mkvlevarebma daadgines metad 
saintereso faqti. roca cdis pirs Zinavs da eleqtruli suraTic amasve amtkicebs, eleqtroence-
falogramaze periodulad gamoCndeba sifxizlisaTvis damaxasiaTebeli dabali amplitudis xSiri 
rxevebi Tvalis swrafi moZraobiT. Tu adamians aseTi suraTis fonze gavaRviZebT, sizmars mogiyve-
baT, amitom Zili dayves or periodad: erTs ewodeba swrafi, meores ki – neli Zili. neli ZilisaTvis 
damaxasiaTebelia maRali amplitudis neli rxevebi, xolo swrafi ZilisaTvis – dabali amplitudis 
xSiri rxevebi. swrafi Zilis periodSi adamiani xedavs sizmars, xolo neli Zilis dros – ara. neli 
Zilis fonze swrafi Zili sxvadasxva xangrZlivobiT da periodulobiT meordeba. igi ufro xSird 
Cndeba gamTeniis dros, swrafi Zilis jamuri xangrZlivoba aris mTeli Zilis erTi mesamedi. Eese igi 
adamians Tu Zinavs eqvsi saaTi, or saaTs sizmarSi atarebs. adamiani yovel Rame xedavs sizmars. xSi-
rad gagigiaT an Tavad gangicdiaT – `sizmari ar minaxavso~, es imitom xdeba rom gaiRviZeT neli Zi-
lis dros, Tu gaiRviZebT swrafi Zilis dros sizmari gemaxsovrebaT.

fsiqikuri procesebis mixedviT adamiani Zilis dros orgvar mdgomareobaSi imyofeba. neli Zi-
lis dros fsiqikuri movlenebi ar aRiniSneba, xolo swrafi Zilis dros sizmarSi Tavs iCens fsiqiku-
ri movlenebi. sizmris dros gveCveneba, rom sizmriseuli warmodgenebi realobaa.

Zilis eleqtruli suraTi cxovelebSic imgvarad mimdinareobs, rogorc adamianebSi (sur. 
8.20). sizmars cxovelebic xedaven. es mosazreba mtkicdeba imiTac, rom cxovelebs sizmriani Zilis 
dros uZlierdebaT Tvalebis moZraoba, rac damaxasiaTebelia adamianis sizmriani ZilisaTvis. 

8.1.10. mexsiereba
mexsiereba aris Tavis tvinis yvelaze didi saocreba. adamianis inteleqti mexsierebas efuZ-

neba. vfiqrobT da vmoqmedebT mexsierebisa wyalobiT. is axorcielebs kavSirs Cvens warsulsa da 
awmyos Soris. mexsiereba gansazRvravs Cvens individualobas, ris gamoc saintereso xdeba sicocxle.

mexsierebis problemisadmi Tanamedrove midgoma dafuZnebulia: Tavis tvinis morfologiis, 
molekuluri neirobiologiis, neirogenetikis da saerTod neiromecnierebaTa miRwevebze. am mid-
gomam dasaxa realuri gzebi mexsierebis bunebis garkvevisaTvis.

pirveli mkvlevari, romelmac daiwyo mexsierebis eqsperimentuli kvleva, herman ebinhauzi 
iyo. eqsperimenti man Tavis Tavze Caatara. Seadgina ramdenime furceli, TiToeulze Camowerili iyo 
16 sityva. garkveul dRes iRebda SemTxveviT romelime furcels, romelic adre ar hqonda aRebuli. 
TiTo sityvas 2.5 wamis siCqariT imeorebda 8-jer, 16, 24, 53 an 64-jer. sityvebi Camowerili iyo ulo-
gikod. mas ainteresebda mxolod damaxsovrebis xarisxis droze damokidebuleba.

mravali mkvlevari cdilobda moenaxa Tavis tvinSi mexsierebis sivrculi organizacia. vinai-
dan gamoTqmuli iyo mosazreba, rom Tavis tvini neironulur qselebSi mexsierebas inaxavs ise, ro-
gorc magnituri firi Caweril informacias. magnitur firs eleqtrul qselSi CarTva Cawerili in-

sur. 8.20. sifxizlisa da Zilis eleqtruli suraTi katebis Tav-
is tvinSi: a – fxizeli mdgomareoba, b – neli Zili, g – swrafi 
sizmriani Zili; 1 – Tavis tvinis marcxena didi naxevarsferos 
eleqtruli aqtiuroba; 2 – marjvena didi naxevarsferos 
eleqtruli aqtiuroba; 3 – Tvalis swrafi moZraoba.
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formaciis imdenjer mosmenis 
saSualebas iZleva, ramdenje-
rac gsurs.

adamianis Tavis tvinSi 
analogiuri movlena pirve-
lad aRweres u. penfildma 
da g. jasperma 1958 wels mon-
realis klinikaSi. neiroqi-
rurgiuli operaciis dros 27 
wlis qals eleqtruli stimu-
laciiT gauRizianes Sublis 
wilis axlos mdebare neiro-
nebi. eleqtrodis mcire ga-
daadgilebiT avadmyofi ala-
parakda. man gaixsena 14 wlis 
winaT gancdili faqti. 13 wlis 
asakSi is SeuSinebia mezobels 
tomaraSi Casmuli saTamaSo 
gveliT. momxdari daadastu-
res avadmyofis mSoblebma. 
rasakvirvelia, es saintereso 
movlena SemTxveviT iqna mopo-
vebuli, vinaidan warmoudge-
nelia miliardobiT neironTa 
simravleSi mizandasaxulad 
dadgindes ama Tu im informa-
ciis lokalizacia. didi he-
misferos qerqis neironebis 
eleqtrostimulaciis dros 
mkvlevrebi waawydnen msgavs 
movlenebs. yvela dakvirve-
buli movlena exeboda rea-
lurad momxdar faqtebs. aR-
saniSnavia is garemoeba, rom 
adamianTa moyolili faqtebi 
ar iyo iseTi mniSvnelovani, 
raTa isini gacnobierebulad 
daemaxsovrebinaT. gamodis, 

rom eleqtrulma stimulaciam mexsierebis arqividan amoativtiva SemTxveviTi, arasaWiro infor-
macia. amis safuZvelze Seiqmna Sexeduleba, rom tvini imaxsovrebs yovelgvar informacias, magram 
saWiroebisas gamoyeneba uWirs.

mexsiereba ar warmoadgens erT mTlian funqcias. mis ganxorcielebaSi monawileobs mravali 
sxvadasxva procesi. Tanamedrove neirofsiqologiuri TvalTaxedviT, adamianis mexsierebaSi gamo-
yofilia sami Tanmimdevruli ZiriTadi sistema. pirveli _ unda moxdes informaciis miReba da ga-
damuSaveba. meore _ unda moxdes gadamuSavebuli informaciis Senaxva neironul qselebSi. mesame _ 
swrafad moinaxos Cawerili informacia saWiroebisamebr. kargi da cudi individualuri mexsiereba 
ganisazRvreba am sami sistemis moqmedebiT.

arsebobs mexsierebis sxvadasxva formebi da misi klasifikaciac sakmaod mravalferovania. 
Cven SevexebiT adamianis mexsierebis im popularul formas, romelic drozea damyarebuli. adamians 
gaaCnia sami tipis mexsiereba: pirveli _ myisieri, romelic grZeldeba 2-3 wami; meore _ mokleva-
diani, romelic grZeldeba ramdenime dRe; mesame _ grZelvadiani, romelic grZeldeba wlobiT da 
SeiZleba gagrZeldes mTeli cxovreba.

moklevadiani mexsierebis gadasvlas grZelvadianSi konsolidacia ewodeba. konsolidacia la-
Tinuri siyvaa da ganmtkicebas, gaerTianebas, SemWidrovebas niSnavs. reminiscencia aris garkveuli 
drois gasvlis Semdeg Cawerili informaciis gaumjobeseba. am dros xdeba mexsierebaSi Senaxuli masa-

sur. 8.21. adamianis ConCxis wina da ukana xedi
1 _ xerxemlis sveti; 2 _ menjis Zvali; 3 _ laviwi; 4 _ beWi; 5 _ mkerdis 
Zvali; 6 _ neknebi; 7 _ mxris Zvali; 8 _ idayvis Zvali; 9 _ sxivis Zvali; 
10 _ majis Zvlebi; 11 _ zemo kiduris falangebi; 12 _ nebis Zvlebi; 13 _ 
barZayis Zvali; 14 _ kviristavi; 15 _ didi wvivis Zvali; 16 _ mcire wvivis 
Zvali; 17 _ ukana terfi; 18 _ wina terfis Zvlebi; 19 _ qvemo kiduris fa-
langebi; 20 _ qala.
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lis ufro didi moculobiT da 
sizustiT gaxseneba. magali-
Tad, RamiT Zilis win naswavli 
leqsi, romelsac SecdomiT 
vambobdiT, dilas gamoRvi-
Zebis Semdeg ukeT gvaxsovs. 
reminiscencia ufro xSirad 
bavSvobis asakSi vlindeba.

mexsierebis sivrciT da 
droebiT organizaciaSi Car-
Tulia Tavis tvinis sxvadsxva 
struqtura. aqtiur rols 
TamaSobs naxevarsferoebis 
Sublis, safeTqlisa da kefis 
wilebi, Talamusis birTvebi 
da naTxemi, hipokampis (ix. su-
raTi 8.19) monawileobiT xde-
ba informaciis SerCeva, rome-
li mimarTulebiT unda iqnas 
gaSvebuli dasamaxovreblad 
moklevadian Tu grZelvadian 
sistemaSi.

asaki gavlenas axdens 
mexsierebis xarisxze, fsiqo-
logebis mier dadgenilia, rom 
adamianTa orive sqesis war-
momadgenlebSi 20-25 wlamde 
mexsiereba umjobesdeba. 40-45 
wlamde mexsiereba stabilu-
ria da misi xarisxi ar icvle-
ba. 40-45 wlis zeviT ki mexsie-
reba qveiTdeba. 

8.2. sayrden-mamoZravebeli sistema

ConCxi da kunTebi adamianis sayrdeni struqturebicaa da moZraobis organoebic. isini agreTve 
organoTa damcvel funqcias asrulebs. kerZod, SemosazRvraven Rruebs, romlebSic moTavsebulia 
organoebi. magaliTad, qalaSi moTavsebulia Tavis tvini, zurgis tvini _ xerxemlis arxSi. guls da 
filtvebs gulmkerdi da mkerdisa da zurgis kunTebi icavs. muclis Rrus organoebs (kuWi, RviZli, 
elenTa, naRvlis buSti, nawlavebi, Tirkmelebi) icavs xerxemlis qveda nawili, menjis Zvlebi, zurgi-
sa da muclis kunTebi.

moZraobis organoebi or nawilad iyofa, pasiurad da aqtiurad. pasiur nawils ekuTvnis Zvlebi 
da saxsrebi, aqtiurs ki _ kunTebi. adamianSi ZvalTa kompleqss ewodeba ConCxi (skeleton _ gamomSra-
li). Zvlis RruSi moTavsebulia Zvlis tvini, romelic warmoSobs sisxlis formian elementebs. amri-
gad, ConCxis funqciebia sayrdeni, moZraobiTi, damcvelobiTi da sisxlwarmomqmneli.

ConCxi, zrdasrul adamians 200-ze meti Zvali gaaCnia. maT Soris, 33-34 kenti, danarCeni ki _ 
wyvili Zvlebi. Zvlebi iwonis 5-7 kg, rac mTeli sxeulis daaxloebiT 15-17%-ia. Tavis qalas qmnis 29 
Zvali, xerxemlis svets _ 26 (24 Tavisufali mala, gava da kudusuni), gulmkerds _ 25 (24 nekni da 
mkerdis Zvali). zeda kidurebi Seicavs 64 Zvals, xolo qveda kidurebi _ 62. Zvlebi sxvadasxva for-
misaa da gansxvavdebian funqciuradac (sur. 8.21).

adamians gaaCnia Zvlebis xuTi jgufi: esenia grZeli, mokle, ganieri anu brtyeli, Sereuli da 
haerovani. grZeli Zvlebi kidurebSia (mxris, idayvis, sxivis, barZayisa da wvivis Zvlebi). grZeli Zva-
li luliseburia. mokle ZvlebSi samive zona TiTqmis erTnairia da gvxvdeba iq, sadac saWiroa mWi-
dro SeerTeba. magaliTad, majis Zvlebi. ganieri brtyeli Zvlebi qmnis Rrus kedlebsa da Zvlovan 
kolofebs (kefis, Txemis, menjis Zvlebi). Sereul Zvlebs ekuTvnis iseTi Zvlebi, romlebic ar gavs 
pirveli sami jgufis Zvlebs (saxis Zvlebi). 

sur. 8.22. . adamianis qala: 1 – Sublis Zvali; 2 _ Txemis Zvali;  3 – ZiriTadi 
Zvali; 4 _ cremlis Zvali; 5 _ yvrimalis Zvali;  6 _ zeda ybis Zvali; 7 _ 
qveda ybis Zvali; 8 – saxnisi;         9 – cxviris qveda niJara; 10 – cxavis Zvali;  
11 _ cxviris Zvali: 12 _ safeTqlis Zvali; 13 _ kefis Zvali; 14 _ sasis 
Zvali.
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haerovan Zvlebs aqvT lorwovani garsiT amofenili wiaRebi (Rruebi) da Seicavs haers (mag. Su-
blis, zeda ybis, cxavis, safeTqlis Zvlebi).

adamianis ConCxSi arCeven qalas, torssa da kidurebs. qala da torsi (Sedgeba xerxemlis sveti-
sa da gulmkerdigan) ekuTvnis ZiriTad ConCxs, xolo zeda da qveda kidurebi damatebiT ConCxs. qala 
warmoadgens Zvlovan kolofs. masSi ganarCeven tvinisa (Sedgeba: kenti Sublis, ZiriTadi, cxavis, ke-
fis da wyvili  Txemisa, safeTqlis Zvlebigan) da saxis qalas. (ix. sur. 8.22) .

mozrdili adamianis xerxemali Sedgeba 24 malis, gavis Zvlisa da kudusunisagan. 24 mala war-
moadgens Tavisufal Zvlebs. gava da kudusuni calke Zvlebisagan Sedgebian mxolod bavSvobisa da 
yrmobis xanaSi. asakovnebSi gavis Zvlebi uerTdeba erTmaneTs da qmnis erT Zvals. xerxemlis Tavisu-
fali Zvlebi sam jgufad iyofa: kisris, gulmkerdisa da welis malebad. mTel xerxemalSi SeiZleba 
gamovyoT 5 ganyofileba, romelSiac aris 7 kisris mala, 12 gulmkerdis, 5 welis, 5 gavis da 4-5 kudu-
sunis mala.

zogi Zvali sruliad uZravad aris SeerTebuli, magaliTad, tvinis qalas Zvlebi. sxvebi moZra-
vad an naxevarmoZravad. Zvlebis moZrav SeerTebas saxsrebi ewodeba. aseTebia muxlis, idayvis, bar-
Zayis saxsrebi (sur. 8.23). 

sur. 8.23. adamianis Zvlebis SeerTeba da saxsrebi

sur. 8.24. adamianis kunTebis wina da ukana xedi
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moZravi SeerTeba anu saxsari ori Zvlis urTierTobiT moqmedebs. erTi Zvali qmnis fosos, ro-
melsac sasaxsre Rrmuli ewodeba. masSi Sedis meore Zvlis Sesabamisi formis Tavi. Rrmuli da Zvlis 
Tavi dafarulia mbrwyinavi, gluvi xrtilovani feniT, rac uzrunvelyofs saxsarSi moZraobis dros 
Zvlis srials Tavis RrmulSi. saxsris Semadgeneli Zvlebi Zalian mtkice iogebiT erTdeba. warmoqm-
nil sasaxsre CanTaSi moTavsebulia sasaxsre siTxe. sasaxsre siTxe amcirebs xaxuns da xels uwyobs 
Zvlis Tavis Tavisufal moZraobas sasaxsre RrmulSi. xrtilovani feniT Zvlebis naxevradmoZrav 
SeerTebas naxevradsaxsari ewodeba. (mag. neknebis dakavSireba mkerdis ZvalTan, malebis dakavSireba 
erTmaneTTan).

bavSvobasa da WabukobaSi adamianis Zvlebi izrdeba sigrZesa da sisqeSi. ConCxis Camoyalibeba 
22-25 wlis asakSi mTavrdeba. 

sigrZeSi Zvlebi izrdeba im xrtilovani qsovilis ujredebis dayofis xarjze, romelic Zvlis 
Tavebs faravs. Zvlis sisqeSi zrda ZvlisazrdelaTi xdeba. igi Txeli SemaerTebeli qsovilia, rome-
lic gars akravs (Tavebis garda) Zvals. Zvlis sisqeSi zrda gamowveulia imiT, rom Zvlisazrdelas 
Sida zedapiris ujredebi iyofa. am dros Zvlis zedapirze ujredebis axali fena warmoiqmneba, xolo 
am ujredebis irgvliv yalibdeba ujredSorisi nivTiereba. Zvlebis zrdas aregulirebs biologiu-
rad aqtiuri nivTierebebi. aseT nivTierebas warmoadgens hipofizis mier gamoyofili zrdis hormo-
ni. am hormonis naklebobis SemTxvevaSi bavSvi Zalian nela izrdeba. aseTi adamianebi 5-6 wlis bavSvis 
simaRleze mets ar izrdebian. isini qondriskacebi arian. Tu bavSvobaSi hipofizi gaaqtivebulia da 
bevr hormons gamoimuSavebs, izrdeba goliaTi _ 2 m da meti simaRlis adamiani. mozrdil adamians 
Tu gauaqtiurdeba hipofizis funqcia, araproporciulad ezrdeba sxeulis zogierTi nawili ena, 
cxviri, xelebisa da fexebis TiTebi, rasac akromegalia ewodeba.

janmrTel mozrdilebs Zvlebi arc ugrZeldebaT da arc usqeldebaT, magram Zvlis Zveli 
nivTierebis Secvla axliT mTeli sicocxle grZeldeba. rac ufro aqtiuria ConCxi, miT ufro aqtiu-
rad mimdinareobs nivTierebaTa ganaxlebis procesebi da miT ufro mtkicea Zvlis nivTiereba.

Zvlebi organuli da araorganuli nivTierebebisagan Sedgeba. organuli naerTebi Zvals moqni-
lobasa da simtkices aniWebs, araorganuli nivTierebebi ki _ simkvrives.

kunTebi. kunTebi xasiaTdebian sxvadasxva formiT, SenebiT da funqciiT. maTi raodenoba ada-
mianis organizmSi aRwevs 400. zrdasruli adamianis kunTebis masa mTeli sxeulis masis 35-40%-ia. 
adamianis sxeulis ZiriTadi kunTebi naCvenebia suraTze (sur. 8.24).

ConCxis kunTebis saSualebiT adamiani icavs wonasworobas, gadaadgildeba sivrceSi, axorcie-
lebs sunTqviT da ylapvis funqciebs, gamoxatavs mimikur mdgomareobas. adamianis yvela fizikuri 
saqmianoba xorcieldeba kunTebis meSveobiT.

ConCxis kunTebi ganivzoliani kunTebis boWkoebis konusebisagan Sedgeba. yovel kunTTan 
sisxlZarRvebi da nervebi midis. kunTebi dafarulia SemaerTebeli qsovilis garsiT da Zvalzea mi-
magrebuli myesebiT. adamianis muskulaturaSi ganarCeven Tavis, tanisa da kidurebis kunTebs. Tavis 
kunTebs Seadgenen mimikuri da saReWi kunTebi. mimikuri kunTi erTi boloTi dakavSirebulia Zval-
Tan, xolo meorTi kanTan. am kunTebis  moZraobiT gadmoicema adamianis grZnobebi da ganwyoba. tanis 
muskulatura moicavs kisrisa da sakuTriv tanis kunTebs. es ukanaskneli gulmkerdis, zurgisa da 
muclis kunTebaT iyofa. kidurebis kunTebs aqvs mniSvnelovani  Taviseburebani, romelebic ganpi-
robebulia sxeulis vertikaluri mdebareobiT, zeamarTuli siaruliTa da gansakuTrebiT zeda ki-
durebis specifikuri funqciiT. 

mgrZnobiare neironebis aqsonebiT centralur nervul sistemas gadaecema kanis, kunTebis, 
myesebisa da saxsrebis receptorebis impulsebi. mamoZravebeli neironebiT nervuli impulsebi 
tardeba zurgis tvinidan kunTebamde, ris Sedegadac kunTi ikumSeba. amrigad, kunTebis SekumSva 
refleqsurad xorcieldeba. adamianis nebismier moZraobaSi da pozis miRebaSi monawileobs ur-
TierTsawinaaRmdegod moqmedi kunTebis ori jgufi: saxsrebis momxreli da gamSleli kunTebi. 
saxsris moRunva momxreli kunTebis SekumSviT da imavdroulad gamSleli kunTebis modunebiT xde-
ba. momxreli da gamSleli kunTebis SeTanxmebuli moqmedeba regulirdeba zurgis tvinidan, zurgis 
tvinSi mimdinare agznebisa da Sekavebis procesebis SeTanxmebuli mimdinareobiT. magaliTad, xelis 
momxreli kunTebis SekumSvas zurgis tvinis mamoZravebeli aqsonebis nervuli impulsebi iwvevs. 
imavdroulad dundeba gamSleli kunTebi, rac mamoZravebeli neironebis SekavebasTan aris dakavSi-
rebuli. saxsris momxreli da gamSleli kunTebi SesaZloa erTdroulad modunebul mdgomareoba-
Si iyos magaliTad, roca sxeulis gaswvriv mSvidad CamoSvebuli xelebi modunebulia. simZime ho-
rizontalurad gawvdil xelSi rom daviWiroT, SevniSnavT saxsris momxreli da gamSleli kunTebis 
erTdroul SekumSvas.
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8.3. kanis agebuleba da 
funqciebi

kanis agebuleba. kani adamianis 
sxeulis garegani safarvelia, romlis 
farTobi daaxloebiT ori kvadratuli 
metria. igi rTuli agebulebisaa da mra-
val funqcias asrulebs. kani sami ZiriTa-
di fenisagan Sedgeba (sur. 8.25).

gareTa Sre _ epidermisi warmoqm-
nilia mravalSriani epiTeluri qsovili-
sagan, romelic mudmivad iqercleba da 
axldeba ufro Rrmad ganlagebuli ujre-
debis gamravlebis xarjze.

epidermisis qveS moTavsebulia 
mkvrivi SemaerTebeli qsovilis Sre, ro-
melsac derma ewodeba. dermaSi moTavse-
bulia sisxlZarRvebi da limfuri ZarR-
vebi, mravali sxvadasxva receptori, 
qonisa da saofle jirkvlebi, Tmis Zirebi.

kanis yvelaze Rrma fenas kanqveSa 
ujredisi ewodeba. igi warmoqmnilia cxi-

movani qsovilisagan. mas sakvebi nivTierebebisa da energiis sacavs uwodeben. warmoadgens agreTve 
saizolacio Sres.

kanis funqciebi. kani mraval funqcias asrulebs. kani icavs organizms sxvadasxva saxis meqa-
nikuri dazianebisagan. xels uSlis organizmSi ucxo nivTierebebisa da daavadebebis gamomwvevi 
mikrobebis SeRwevas. kanSi moTavsebulia mravali sxvadasxvagvari receptori, romlebic aRiqvamen 
wnevas, tkivils, siTbosa da sicives. receptori adamians saSualebas aZlevs aicilos Tavidan Wri-
lobebi, moyinva, damwvroba. kanis mgrZnobeloba xels uwyobs adamians saarsebo garemosTan ur-
TierTobaSi. kanis mgrZnobelobis dakargva tramvebis gamomwvevi xdeba. SeiZleba zogierTi tramva 
sikvdilis mizezic gaxdes. kanSi sinTezirdeba D vitamini, romelic xels uSlis bavSvebSi raqitis 
ganviTarebas. kanSi gamomuSavdeba muqi pigmenti, romelic organizms icavs Warbi ultraiisferi 
sxivebis mavne zegavlenisagan. kani gamoyofis funqciasac asrulebs. saofle jirkvlebis meSveobiT 
organizmidan Warbi wyali da marilebi gamoidevneba. komfortul pirobebSi, rodesac temperatura 
garemoSi 180-200C-s aRwevs, adamiani dRe-RameSi 500 ml. ofls gamoyofs. oflis es raodenoba Seicavs 
2 gramamde NaCl-s da 1 gramamde N2-s. oflis gamoyofa mimdinareobs ganuwyvetliv. ofli swrafad 
orTqldeba kanis zedapiridan.

qonis jirkvlebi, umTavresad Tmebis axlos aris ganlagebuli da maTi sadinarebi ixsneba Tmis 
parkebSi. dRe-Ramis ganmavlobaSi 20 gramamde qoni gamoiyofa. kanis zedapirze gamoyofili qoni ar-
bilebs kans da damaxasiaTebel bzinvarebas aZlevs Tmebs.

kani agreTve monawileobs sxeulis mudmivi temperaturis SenarCunebaSi.
Tmebi da frCxilebi. frCxilebi da Tmebi kanis rqovani warmonaqmnebia.
Tmebi moTavsebulia Tmis ZirebSi, romlebic mdebareobs Rrmad dermaSi. adamianis mTeli sxeu-

li, garda xelis gulebisa da TiTebisa, tuCebsa da fexis gulebisa, Txeli bususebiT aris dafaruli. 
grZeli Tma Tavzea ganlagebuli. is adamians icavs mzis sxivebisa da gaciebisagan. Tmis sicocxlis 
SenarCunebis xangrZlivoba individualuria da damokidebulia adamianis asakze. agreTve nervuli 
sistemisa da Sinagani sekreciis jirkvlebis mdgomareobaze.

Tmis yovel Rers sicocxlis sakuTari cikli aqvs. yoveldRiurad adamians 100 Reramde Tma 
scviva. amave dros axlad amodis. amitom Tmis ricxvi SefardebiTad mudmivia. Tmis Reri tanze 50 dRe 
Zlebs. Tavze ki erTi weli da zogierTi ufro didxans. Tmis Rerebi sxvadasxva siswrafiT izrdeba.

frCxilebi ise, rogorc Tmebi epidermisis warmonaqmnia. yoveli TiTis zurgis mxare rqovani 
nivTierebiT aris dafaruli, romelic frCxilebs warmoqmnis. frCxilebi ganuwyvetliv izrdeba, 
rac epidermisis ujredebis dayofiT xorcieldeba. kviris ganmavlobaSi frCxilebi saSualod 0,5 mm-
iT izrdeba, zafxulSi ufro swrafad, vidre zamTarSi. xelisa da fexis frCxilebis zrdis siswrafe 
erTnairi ar aris. xelis frCxilebi ufro swrafad izrdeba.

kanis roli TboregulaciaSi. organizmSi siTbos warmoqmnasa da gadacemis procesTa gawo-
nasworebas Tboregulacia ewodeba. organizmSi siTbos warmoqmna sxvadasxva organoSi xdeba. gan-
sakuTrebuli intensivobiT siTbo warmoiqmneba RviZlSi da kunTebSi. Warbi siTbo organizmidan 
kanis meSveobiT da amosunTqul haerTan erTad gamoiyofa. cximovani ujredisi xels uSlis siTbos 

sur. 8.25. kanis agebuleba
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gacemas. kanSi didi raodenobis wvrili 
sisxlZarRvebia. garemos temperaturis 
dacema, refleqsurad iwvevs sisxlZarRve-
bis SekumSvas, ris gamoc kanSi naklebi rao-
denobis sisxli midis. amitom, bunebrivia 
siTbos gacemac mcirdeba. iseT pirobebSi, 
rodesac garemos temperatura aiwevs, re-
fleqsurad kanis sisxlZarRvebi farTovde-
ba. kanSi didi raodenobis sisxli miedineba. 
es ki siTbogacemas zrdis. organizmis zeda-
piridan Warbi aorTqlebis procesSi ebmeba 
saofle jirkvlebi. xdeba oflis didi rao-
denobiT gamoyofa.

saofle jirkvlebis regulacia. sao-
fle jirkvlebis inervacias simpaTikuri 
boWkoebi qmnis. adamianis Tavis, kisrisa da 
gulmkerdis zeda nawilis saofle jirkvle-
bis sekreciuli nervebis birTvebi (centre-
bi) moTavsebulia zurgis tvinis kisris uka-
nasknel da gulmkerdis meeqvse segmentebs 
Soris. zeda kidurebis oflis gamomyofi 
nervebis birTvebi moTavsebulia zurgis 
tvinis gulmkerdis mexuTe da meSvide seg-
mentebs Soris. qveda kidurebis oflis ga-
momyofi nervebis birTvebi ki gulmkerdis 
ukanasknel da welis zeda segmentSia mo-
Tavsebuli.

oflis gamoyofis maregulirebeli 
nervuli centri mogrZo tvinSia moTavsebu-
li, romelic eqvemdebareba hipoTalamusisa 
da didi tvinis qerqidan miRebul nervul 
impulsTa gavlenas.

8.4. sisxlis mimoqcevis 
sistema

sisxlis mravalferovani funqciebi 
(ix. Tavi 4.6.1. cxovelebisa da adamianis 
qsovilebi – sisxli) ver ganxorcieldeba 
Tu sisxli sisxlZarRvebSi mudmivad ar moZraobs. es ki sisxlis mimoqvevis sistemis meSveobiT xor-
cieldeba. sxvadasxva organoebSi gamdinare sisxlidan qsovilur siTxeSi gadadis Jangbadi da ujre-
debis normaluri moqmedebisaTvis saWiro nivTierebebi, xolo qsoviluri siTxidan sisxlSi gadadis 
cxovelqmedebis procesSi warmoqmnili daSlis produqtebi. adamianis sisxlis mimoqcevis sistemis 
organoebia oTxsakniani guli da sisxlZarRvebi. 

8.4.1 guli
adamianis guli oTx saknad gayofili Rru kunTovani organoa, romelic masTan dakavSirebuli 

venuri da arteriuli sisxlZarRvebiT uzrunvelyofs  organizmSi sisxlis mudmivad cirkulirebas, 
anu guli sisxlis mimoqcevis sistemis mudmivmoqmedi centraluri organoa.

mozrdili adamianis gulis masa 250-300 gramia. guli gulmkerdis RruSi, mkerdis Sua xazidan 
marcxniv mdebareobs. is moTavsebulia SemaerTebelqsovilovan gulis perangSi – perikardiumSi, 
romlis siRrue serozuli siTxis mcire raodenobas Seicavs. perikardiumi guls sxva organoebisagan 
mijnavs, serozuli siTxe ki gulis moZraobisas xaxuns mniSvnelovnad amcirebs. guls odnav gabrtye-
lebuli konusis forma aqvs. is mTliani ZgidiT marjvena da marcxena nawilebad aris gayofili. TiTo-
euli maTgani iyofa erTmaneTTan dakavSirebul or saknad – winagulad da parkuWad (sur. 8.26). 

gulis kedeli sami Srisagan – epikardiumis, miokardiumisa da endokardiumisagan Sedge-
ba. epikardiumi anu gulis gareTa garsi warmoqmnilia Txeli, daaxloebiT 0,3-0,4 mm sisqis Semaer-
Tebelqsovilivani firfitisagan. endokardiumiT anu gulis SigniTa garsiT mTlianad amofenilia 
gulis siRrueebi. miokardiumi anu gulis kunTovani garsi gulis ganivzoliani kunTovani qsovili-

sur. 8.26. gulis frontaluri ganakveTi: 1 – zemo Rru vena; 2 
– filtvis arteriebi; 3 – filtvis Reros sarqveli (Sedgeba 
sami naxevarmTvarisebri afrisgan); 4 – marjvena winaguli; 
5 – marjvena winagul-parkuWis (samkariani) sarqveli; 6 – 
marjvena parkuWi; 7 – dvrilisebri kunTi da masTan dakav-
Sirebuli simebi; 8 – qvemo Rru vena; 9 – parkuWTaSua Zgide; 
10 - miokardiumi; 11 – endokardiumi; 12 - marcxena parkuWi; 
13 – marcxena winagul-parkuWis (orkariani) sarqveli; 14 – 
marcxena winaguli; 15 – filtvis venebi; 16 – aortis sarqve-
li (Sedgeba sami naxevarmTvarisebri afrisgan); 17 – filt-
vis Rero; 18 – aortis rkali.
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sagan aris warmoqmnili. winagulebis kedlebi parkuWebis kedlebze Txelia, xolo marcxena parkuWis 
kedeli marjvena parkuWis kedelTan SedarebiT daaxloebiT samjer ufro sqelia. es maT mier Sesru-
lebuli samuSaos gansxvavebiT aris gamowveuli.

marjvena winaguls Rru venebi erTvis, marcxenas ki filtvis venebi. marjvena parkuWTan da-
kavSirebulia filtvis arteria (filtvis Rero), marcxenasTan ki – aorta.

sisxlis mimoqcevis sistemaSi sisxlis erTi mimarTulebiT dinebas uzrunvelyofa sarqvelebi 
(sur. 8.26), romlebis saWiro momentSi sisxlis nakadis gasatareblad iReba, xolo nakadis ukan dabru-
nebis aRsakveTad – ixureba.

marjvena winagulsa da parkuWs Soris arsebul marjvena winagul-parkuWis (marjvena atrio-
ventrikulur) sarqvels sami sagduli (kari) aqvs da mas samkariani sarqvelic ewodeba. TiToeuli 
kari nazi SemaerTebelqsovilovani simebiT dakavSirebulia marjvena parkuWSi arsebul Sesabamis 
dvrilisebr kunTTan. marjvena winagulis SekumSvis dros es sarqveli iReba da sisxli winagulidan 
marjvena parkuWSi gadadis, xolo parkuWis SekumSvisas SemaerTebelqsovilovani simebi iWimeba da 
sarqveli ixureba, rac sisxlis ukudinebas gamoricxavs. 

marjvena parkuWsa da filtvis Reros Soris arsebobs filtvis Reros samkariani sarqveli, 
romelTa sagdulebs formis Sesabamisad naxevarmTvarisebri afrebi ewodeba. parkuWis SekumSvisas 
sarqveli iReba da sisxli filtvis ReroSi gadadis, xolo parkuWis modunebisas sarqveli ixureba, 
rac sisxlis ukudinebas gamoricxavs.

marcxena winagulsa da parkuWs Soris arsebul sarqvels ori sagduli aqvs da orkariani anu 
mitraluri sarqveli ewodeba. TiToeuli sagduli myesovani simebiT dakavSirebulia marcxena 
parkuWSi arsebul Sesabamis dvrilisebr kunTTan. am sarqvelis gaRebisas, rac winagulis SekumSvis 
dros xdeba, sisxli marcxena parkuWSi gadadis, xolo parkuWis modunebisas sarqveli ixureba, rac 
sisxlis ukudinebas gamoricxavs.

marcxena  parkuWis fuZesTan mdebareobs aortis sarqveli, romelic sami naxevarmTvarisebri 
afrisagan Sedgeba. parkuWis SekumSvisas sarqveli iReba da sisxli aortaSi gadadis, xolo parkuWis 
modunebisas sarqveli ixureba, rac sisxlis ukudinebas gamoricxavs.

gulis cikli warmoadgens gulis erTi SekumSvisas da Semdgomi modunebisas mimdinare proce-
sebis Tanamimdevrobas. gulis SekumSvas ganapirobebs agznebis impulsebi, romlebic periodulad 
warmoiqmneba TviT miokardiumSi mimdinare procesebis sapasuxod. am movlenas gulis avtomatizmi 
ewodeba. avtomatizmis unari aqvs miokardiumis garkveul ubnebs. es ubnebia winagul-sinusis kvan-
Zi, romelic gulis ritmis wamyvans warmoadgens, da  winagul-parkuWis kvanZi. am kvanZebidan sawyiss 
iRebs nervuli konebi, romlebic ukavSirdeba gulis kunTovan ujredebs (sur. 8.27).

gulis cikli moicavs sam stadias – 
winagulebisa da parkuWebis sistolas, 
diastolas da pauzas (sistola ewode-
ba guliscemis dros winagulebisa da 
parkuWebis SekumSvas, sistolebs Soris 
intervalebSi maT modunebas ki – dia-
stola). Tu gulis SekumSvaTa sixSire 75-
ia wuTSi, maSin gulis ciklis xangrZli-
voba 0,8 wams Seadgens. gulis SekumSva 
winagulebis sistoliT iwyeba, romlis 
xangrZlivoba 0,1 wamia. amas mosdevs wina-
gulebis diastola, romlis xangrZlivo-
ba 0,7 wamia da iwyeba parkuWebis sistola, 
rac 0,33 wami grZeldeba. sistolis dros 
marcxena parkuWSi wneva sindiyis svetis 
120-130 mm-mde izrdeba, marjvenaSi ki – 25 
mm-mde. parkuWebis sistola or periodad 
iyofa. pirvelia daZabvis periodi, rome-
lic 0,08 wams grZeldeba. am dros kariani 
da namglisebri sarqvelebi daketilia; me-
orea sisxlis gandevnis periodi, romlis 
xangrZlivobaa 0,25 wami. sistolis bolos 
parkuWebis kunTi modunebas iwyebs; dgeba 
parkuWebis diastola. misi xangrZlivoba 
0,47 wamia. stadias rodesac guli mTlia-
nad modunebulia pauza ewodeba. misi xan-
grZlivoba 0,37 wamia. es dro sakmarisia, 

sur. 8.27. gulis gamtarebeli sistema.
1 –-winagul-sinusis kvanZi, 2 – marjvena winaguli, 3 - winagul-
parkuWis kvanZi, 4 – marjvena parkuWi, 5 – marcxena winaguli, 
6 – marcxena parkuWi.
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raTa gulma muSaobis unari aRidginos.
   gulis parkuWebidan erTi wuTis ganmavlobaSi gadasrolili sisxlis raodenobas sisxlis na-

kadis wuTmoculoba, anu gulis wuTmoculoba ewodeba. mSvid mdgomareobaSi myofi adamianis gulis 
wuTmoculoba saSualod 4,5-5,0 litria. Tu gulis SekumSvaTa sixSire wuTSi 70-75-ia, maSin sisxlis 
nakadis sistoluri moculoba saSualod 65-70 ml-s Seadgens.

mosvenebul mdgomareobaSi adamianis organizmSi arsebuli sisxlis moculobis 45-50% sisxlis 
depoebSi – elenTaSi, RviZlSi, kanqveSa sisxlZarRvovan qselsa da filtvebSia. elenTaSi daaxloebiT 
500 ml sisxlia. amasTanave, misi sisxlZarRvovani sistema isea mowyobili, rom iq sisxli sqeldeba da 
masSi mkveTrad izrdeba eriTrocitebis koncentracia, anu elenTa eriTrocitebis ZiriTad depos 
warmoadgens. aqve mimdinareobs daberebuli eriTrocitebis daSla da makrofagebis mier moneleba.  

8.4.2 sisxlZarRvebi da sisxlis mimoqcevis didi da mcire wre
sisxlZarRvebi mTel sxeuls qselaven. ganarCeven arteriebs, venebsa da kapilarebs.
sisxlZarRvebs, romlebSic sisxli gulidan sxvadasxva organoebisaken moZraobs arteriebi 

ewodeba. arteriebis kedeli sami garsisagan Sedgeba. SigniTa garsi Sedgeba endoTeluri ujredebisa 
da subendoTeluri SemaerTebel qsovilovani elastiuri Srisagan. Sua garsi warmoqmnilia gluvkun-
Tovani gaswvrivi da irgvlivi 
SreebiT (sur. 8.28). gaswvrivi 
Sre sisxlis dinebas uwyobs 
xels, irgvlivi Sre ki arte-
riis sanaTuris cvlilebas 
uzrunvelyofs. gareTa garsi 
SemaerTebeli qsovilisagan 
aris warmoqmnili. arteriebi 
kalapotisa da datvirTvis 
Sesabamisad gansxvavebu-
li raodenobis kunTovan da 
elastiur boWkoebs Seicavs. 
uwvriles artetiebs arte-
riolebi ewodeba; isini kapi-
larebad itoteba.

kapilarebi uwvrilesi 
sisxlZarRvebia, romlebic 
endoTeluri ujredebis erTi 
Srisa da bazaluri membrani-
sagan Sedgeba. kapilarebis 
kedlis gavliT xdeba sisxli-
dan Jangbadisa da sxvadasxva 
nivTierebebis qsovilur 
siTxeSi, iqidan ki cxovelqme-
debis produqtebis sisxlSi 
gadadis (sur. 8.28).

venebi is sisxlZarRve-
bia, romlebSic sisxli sxva-
dasxva organoebidan gulisa-
ken moZraobs. venebis kedeli, 
arteriebis msgavsad, sami Sri-
sagan Sedgeba, magram ufro 
Txelia. venebis kedlis Sua 
– kunTovani Sris sisqe venis 
kalibrzea damokidebuli. es 
Sre qveda kidurebis venebSi 
gansakuTrebiT kargad aris 
ganviTarebuli. am venebis Si-
gniTa zedapirze sarqvele-
bia, romlebic xels uSlis 
sisxlis uku mimarTulebiT 

  sur. 8.28. sisxlZarRvebis ganivi Wrilebis sqema.
1.aortis kedlis struqtura: a) SigniTa garsis endoTeluri Sre, b) Signi-
Ta garsis SemaerTebelqsovilobani elastiuri Sre, g) Sua garsi, d) gareTa 
elastiuri membrana, e) gareTa garsi;
2. msxvili arteria (kunTovani tipis arteria);
3. wvrili arteria;
4. arteriola (Seicavs gluvkunTovani ujredebis 1-2 Sres);
5. kapilari (Sedgeba endoTeluri ujredebis erTi Srisa da bazaluri mem-
branisagan);
6. venula;
7. wvrili vena;
8. msxvili vena (aqvs sarqvelebi);
9. Rru vena (kunTovan Sreebs Soris ganlagebulia elastiuri boWkoebi).
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dinebas. kapilarebidan sisxli uwvriles veneb-
Si – venulebSi gadadis, iqidan ki venebSi, ro-
melTa diametri gulTan miaxlovebis parale-
lurad izrdeba (sur. 8.28).

organizmSi sisxlis moZraoba xorciel-
deba sisxlis mimoqcebis didi da mcire wreebis 
meSveobiT (sur. 8.29).

sisxlis mimoqcevis didi wre iwyeba gu-
lis marcxena parkuWidan, saidanac sakmaod 
maRali wneviT aortis gavliT didi wris arte-
riebSi gadaigzavneba. arteriebi arteriole-
bad itoteba, isini ki uwvriles sisxlZarRvebad 
– kapilarebad da iqmneba mikrocirkulaciuri 
bade. kapilarebSi gavlisas sisxlidan Jangba-
di, sakvebi nivTierebebi, hormonebi da bio-
logiurad aqtiuri sxva naerTebi sxvadasxva 
organoebs miewodeba, organoebidan ki sisxlSi 

naxSirorJangi da cxovelqmedebis Sedegad war-

miqmnili daSlis produqtebi gadadis. mikro-

cirkulaciur badeSi gavlis Semdeg sisxli 

kapilarebdan venulebSi, venulebidan venebSi, 
venebidan ki or umsxviles – zeda da qveda Rru 
venaSi gadaedineba, iqidan ki marjvena winagul-
Si Caedineba. aq mTavrdeba sisxlis mimoqcevis 
didi wre (sur. 8.29).

marjvena winagulSi dabrunebuli Jangba-
diT Raribi da naxSirorJangiT gamdidrebuli 
anu venuri sisxli marjvena parkuWSi gadaedi-
neba. aqedan iwyeba sisxlis mimoqcevis mcire 
wre. marjvena parkuWidan sisxli gadaisroleba 
sawyis sisxlZarRvSi, romelsac filtvis Rero 
ewodeba. is marjvena da marcxena filtvis ar-
teriebad itoteba. isini filtvebSi Sesvlisas 
wvril sisxlZarRvebad itoteba da warmoqm-
nilia mikrocirkulaciuri kalapoti. swored 
aq xdeba airTa cvla garemos haersa da sisxls 
Soris (airTa cvlis Sesaxeb dawvrilebiTi 
monacemebi moyvanilia 8.6 TavSi). JangbadiT 
gamdidrebuli sisxli filtvebis oTxi veniT 
marcxena winagulSi Caedineba. aq mTavrdeba 
sisxlis mimoqcevis mcire wre.

sisxlis moZraoba sisxlZarRvebSi
sisxlis wneva sisxlis mimoqcevis siste-

mis muSaobis erT-erTi mniSvnelovani maxasia-
Tebelia. sisxlis wnevas gansazRvravs gulis 
parkuWebis SekumSvis Zala, drois erTeulSi 

gadatumbuli sisxlis raodenoba da sisxlZarRvovani kalapotis winaRoba. gulis yoveli SekumSvis 
dros sisxli didi wneviT gadaisroleba arteriebSi. sisxlZarRvTa sistemis sxvadasxva ubanze 
sisxlis wneva gansxvavebulia. es sxvaoba uzrunvelyofs sisxlis uwyvet dinebas maRali wnevis ubni-
dan dabali wnevis ubnisaken.sisxlis wneva maqsimaluria aortasa da msxvil arteriebSi, SedarebiT 
dabalia arteriebsa da arteriolebSi, kidev ufro dabalia kapilarebSi, venebSi da Rru venebSi nu-
lamde qveiTdeba (cxr. NN 8.7). amasTanave wneva aortasa da arteriebSi gulis ciklis ganmavlobaSi 

sur. 8.29. sisxlis mimoqcevis didi da mcire wris sqema
1 – Tavis, sxeulis zeda nawilebisa da zeda kidurebis 
kapilarebi, 2 – marcxena saerTo saZile arteria, 3 – 
filtvebis kapilarebi, 4 – filtvebis Rero, 5 – filt-
vebis venebi, 6 – zemo Rru vena, 7 – aorta, 8 – marcxena 
winaguli, 9 – marjvena winaguli, 10 – marcxena parkuWi, 
11 – marjvena parkuWi, 12 – muclis Rero,  13 – mker-
dis limfuri sadinari,  14 – RviZlis saerTo arteria, 
15 – kuWis marcxena arteria, 16 – RviZlis venebi, 17 – 
elenTis arteria, 18 – kuWis kapilarebi, 19 – RviZlis 
kapilarebi, 20 – elenTis kapilarebi, 21 – karis vena, 
22 – elenTis vena, 23 – Tirkmlebis arteria, 24 – Tirk-
mlebis vena, 25 – Tirkmlebis kapilarebi, 26 – jorjlis 
arteria, 27 – jorjlis vena, 28 – qvemo Rru vena, 29 - naw-
lavebis kapilarebi, 30 – sxeulis qveda nawilebisa da 
qveda kidurebis kapilarebi.
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gansxvavebulia: maqsimaluria sistolis momentSi da minimaluria diastolis dros. zrdasrul ada-
mianebSi mosvenebul mdgomareobaSi mxris arteriaSi sistoluri wneva sindiyis svetis (ss) 110-120 
mm-ia, diastoluri ki – ss-is 60-80 mm. sxvaobas sistolur da diastolur wnevebs Soris (ss 40-50 mm) 
pulsuri wneva ewodeba.   

adamianebSi sisxlis arteriuli wnevis usisxlod gasazomad iyeneben korotkovis meTods riva-roCis 
sfigmomanometriT. gamosakvlev pirs mxarze Semoaxveven rezinis manJets, romelic mierTebulia re-
zinis balonTan da manometrTan. baloniT manJetSi haers Catumbaven. manJeti haeriT gavsebisas mxars 
da, Sesabamisad mxris arterias awveba, manometri ki uCvenebs haeris wnevas manJetSi. arteriaSi, rome-
lic zewolas ar ganicdis, sisxlis moZraobis toni ar ismis (tonebis mosmena SesaZlebelia manJetis 
dadebis qvemoT, idayvis arteriis pulsaciis midamoSi). rodesac manJetSi wneva gadaaWarbebs sisto-
lur arteriul wnevas, maSin manJeti mTlianad axSobs arteriis sanaTurs, masSi sisxlis nakadi wyde-
ba da toni ar moismineba. manJetidan haeris nel-nela gamoSvebisas im momentSi, rodesac masSi wneva 
sistoluri arteriul wnevaze odnav dabali gaxdeba, sistoli-
sas sisxli gadalaxavs zewolas da xmauriT gaaRwevs manJets. es 
is momentia, rodesac manJetSi wneva Seesabameba maqsimalur, anu 
sistolur arteriul wnevas. manJetSi wnevis Semdgomi daqveiTe-
bisas dgeba is momenti, rodesac wneva diastolut wnevaze dabali 
xdeba. am momentidan tonebi arteriaSi qreba da manJetSi wnevis 
sidide Seesabameba minimalur, anu diastolur wnevas. aRniSnuli 
meTodiT wnevis gazomvisas gasaTvaliswinebelia pacientis sxeu-
lis mdgomareoba, mxris Semoweriloba, manJetis sigane, fonen-
doskopSi bgeris gatarebis siCqare da sxv.

pulsi ewodeba sistolis dros wnevis aweviT gamowveul ar-
teriebis kedlis ritmul rxevebs. arteriebis pulsaciis SegrZneba 
advilia SexebisaTvis xelmisawvdomi nebismieri arteriis (magali-
Tad, majis Siga zedapirze, safeTqelze, kisris orive mxares da sxva 
adgilebSi) palpaciisas.

pulsi, anu wnevis awevis talRa warmoiqmneba marcxena 
parkuWidan aortaSi sisxlis gadasrolis momentSi. am dros wneva 
aortaSi mkveTrad matulobs, arteriis kedeli iWimeba da amiT gamowveuli sisxlZarRvTa kedlis 
rxevebi aortidan periferiisaken garkveuli siCqariT vrceldeba. pulsis gavrcelebis siCqare 
sisxlis dinebis siCqareze ar aris damokidebuli. arteriebSi sisxlis maqsimaluri siCqare wamSi 0,3-
0,5 metrs ar aRemateba, aortaSi pulsis gavrcelebis siCqare ki wamSi 5,5-8,0 metria.

pulsis yoveli biZgi gulis erT SekumSvas Seesabameba, anu pulsis daTvliT SeiZleba 
gulis ritmis gansazRvra.

sisxlis dinebis siCqare. mosvenebul mdgomareobaSi myofi adamianis sisxlis mimoqcevis did 
da mcire wreebs sisxli 21-23 wamis ganmavlobaSi gadis, magram sxvadasxva sisxlZarRvebSi sisxli 
sxvadasxva siCqariT miedineba. misi siCqare damikidebulia garkveuli saxis sisxlZarRvTa sanaTu-
ris jamur diametrze. rac ufro didia diametri, sisxli miT ufro nela miedineba. sisxlis dinebis 
siCqare yvelaze maRalia aortaSi da yvelaze dabalia kapilarebSi (kapilarebis sanaTuris jamuri 
diametri 600-800-jer aRemateba aortis diametrs, xolo Rru venebis jamuri diametri – 2-jer). 
aortaSi sisxlis dinebis siCqarea daaxloebiT 0,5 m/wm, kapilarebSi – 0,5-1,2 m/wm, Rru venebSi ki – 0,2-
0,25 m/wm. kapilarebSi sisxlis dabali siCqariT dinebisas Jangbadi, sakvebi da cxovelqmedebisaTvis 
saWiro sxva nivTierebani aswrebs qsovilur siTxeSi, iqidan ki naxSirorJangisa da daSlis produqte-
bis sisxlSi gadasvlas.

venebis kedlis kunTovani garsi Txelia da ver uzrunvelyofs sisxlis gulisaken gadasaadgi-
leblad saWiro wnevis Seqmnas. am ZarRvebSi sisxlis gulisaken moZraobas xels uwyobs: a) arteriul 
sistemaSi arsebuli wneva; b) marjvena winagulis Semwovi Zala misi diastolis dros; g) gravitaciuli 
Zalis zemoqmedeba (Tavis da kisris venebisaTvis); d) venis kedelze mezobeli organoebis perioduli 
zewola (sunTqvis procesi, ConCxis kunTebis SekumSva da sxv.) e) venis kedlis endoTeluri garsis 
naoWebi, romlebic venur sarqvelebs qmnis. es sarqvelebi xels uSlis sisxlis sawinaaRmdego mimar-
TulebiT moZraobas. sarqvelebi gansakuTrebiT kargad aqvs ganviTarebuli qveda kidurebis venebs.

8.4.3 gulis muSaobisa da sisxlZarRvTa sanaTuris regulacia
miuxedavad imisa, rom gulSive xdeba misi SekumSvis gamomwvevi impulsebis generireba, gulis 

moqmedeba regulirdeba nervuli da humoruli maregulirebeli meqanizmebiT.
nervuli regulacia xorcieldeba cTomili da simpaTikuri nervebis meSveobiT. cTomili ner-

vebi (Tavis tvinis X wyvili) dasabams iRebs mogrZo tvinidan, xolo simpaTikuri nervebi – zurgis tvi-
nis kisris simpaTikuri kvanZidan. cTomili nervebiT mosuli impulsebi anelebs gulis muSaobas, pa-
rasimpaTikuri boWkoebiT mosuli impulsebi ki iwvevs gulis SekumSvaTa sixSirisa da Zalis gazrdas.

cxrili 8.7

sisxlZarRvi sisxlis wne-
va (ss mm)

aorta 110-120

arteriebi 105-110

kapilarebi 8-40

wvrili venebi 20-30

kidurebis 
venebi

5-10

Rru venebi 0
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sisxlZarRvTa sanaTuris cvlilebas iwvevs simpaTikuri sisxlZarRvTa Semaviwrovebeli ner-
vebis impulsebi.

garegani an Sinagani gamRizianeblis moqmedebis Sedegad adgili aqvs gulisa da sisxlZarRvebis 
refleqtorul reaqcias. nebismieri mgrZnobiare nervuli daboloebis gaRizianebiT SesaZlebelia 
gulis SekumSvaTa gaxSireba an gaiSviaTeba. sxvadasxva saxis gamRizianeblis (siTbo, sicive, nemsis 
Cxvleta da sxv.) moqmedebis Sedegad centriskenuli nervebis daboloebebSi agznebis impulsebi ge-
nerirdeba, romlebic cns-s gadaecema, iqidan ki cTomili an simpaTikuri nerviT gulamde aRwevs da 
iwvevs misi muSaobis cvlilebas. nervuli impulsebi sisxlZarRvebamdec tardeba, rac maTi sanaTu-
ris cvlilebis mizezia. 

gulis muSaobaze gavlenas axdens sisxlSi cirkulirebadi zogierTi biologiurad aqtiu-
ri nivTiereba. adrenalini da noradrenalini zrdis gulis SekumSvaTa Zalasa da ritms. fiziku-
ri datvirTvis an emociuri daZabulobis dros Tirkmelzeda jirkvlebis tvinovani Sridan sisxl-
Si didi raodenobiT adrenalini gadaisroleba, rac aZlierebs gulis moqmedebas. miokardiumis 
SekumSvis Zalas zrdis Tirkmelzeda jirkvlebis hormonebi angiotenzini da serotonini, xolo 
farisebri jirkvlis hormoni Tiroqsini gulis SekumSvaTa sixSiris zrdas iwvevs. sisxlSi kaliumis 
ionebis (K+) koncentraciis zrda iwvevs gulis ritmis Senelebas, kalciumis ionebis (Ca++) koncen-
traciis zrda ki – gaxSirebas.

adrenalini sisxlZarRvTa sanaTuris cvlilebasac iwvevs. 
nervuli da humoruli regulacia erToblivad uzrunvelyofs sisxlis mimoqcevis sistemis 

muSaobis Seguebas mudmivad cvlad saarsebo pirobebTan. magaliTad, dazabuli fizikuri muSaobi-
sas ConCxis kunTebsa da myesebSi arsebul mgrZnobiare nervuli daboloebebidan impulsebi cns-s 
gadaecema da refleqtorulad xdeba gulis SekumSvaTa Zalisa da sixSiris gazrda. amas xels uwyobs 
sisxlSi adrenalinis donis matebac. gulis muSaobis gaZlierebasTan erTad icvleba momuSave orga-
noebis sisxlZarRvTa sanaTuric.

fizikuri datvirTvis, SiSis, mrisxanebis, sixarulis an sxva emociuri datvirTvisas sisxl-
ZarRvTa sanaTuris cvlilebis gamo adamiani an fiTrdeba, anda wiTldeba.

8.4.4 limfuri sistema
adamianis limfuri sistema Sedgeba limfuri kapilarebis, ZarRvebis, sadinrebisa da limfu-

ri kvanZebisagan (sur. 8.29a). limfur sistemaSi limfa organizmis qsovilebidan da organoebidan 
sisxlis mimoqcevis venuri sistemisaken mdored da dabali wneviT miedineba. limfuri sistema, 
sisxlZarRvTa sistemisagan gansxvavebiT, daxSuli ar aris.

limfuri sistema da masSi gamdinare limfa monawileobs imunitetis CamoyalibebaSi, daava-
debis gamomwvevi mikrobebisagan – parazituli 
umartivesebisagan, baqteriebisagan, virusebi-
sagan, sokoebisagan da toqsikuri naerTebisagan 
organizmis dacvaSi. 

limfa warmoadgens gamWvirvale, ufero, 
blant siTxes, romelic didi raodenobiT limfo-
citebs Seicavs. limfis nakadis meSveobiT cile-
bi, wyali, marilebi, toqsikuri nivTierebebi da 
metabolizmis narCeni produqtebi qsovilebis 
ujredTaSorisi (eqstraceluluri) sivrcidan 
sisxlSi brundeba.

limfis warmoqmna. filtraciis Sedegad 
sisxlZarRvovani kapilarebidan siTxe ujredTa-
Soris sivrceSi xvdeba. aq wyali da eleqtro-
litebi koloidur da boWkovan struqturebs 
ukavSirdeba, anu warmoiqmneba qsoviluri siTxe, 
romlis nawili sisxlSi reabsorbirdeba, nawili 
ki limfur kapilarebSi gadadis da mas ukve limfa 
ewodeba.  

limfuri kapilarebi ujredTaSoris sivr-
ceSi daxSuli boloTi iwyeba da limfur ZarR-
vebs erTvis. limfuri ZarRvebis kedeli Sedgeba 
gareTa SemaerTebelqsovilovani, Sua gluvkun-
Tovani da Siga endoTeluri ujredebis Sreebi-
sagan. limfur ZarRvebs, qveda kidurebis venebis 
msgavsad, aqvs sarqvelebi, romlebic xels uwyobs sur. 8.29a. adamianis limfuri sistemis zogadi sqema.
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limfis periferiuli ubnebidan centrisaken gadaadgilebas. 
limfa limfuri kapilarebidan limfur ZarRvebSi, ZarRvebidan ki limfur sadinrebSi gadaedi-

neba - marcxena mxridan gulmkerdis sadinarSi, marcxena sauRle da laviwqveSa sadinrebSi, marjvena 
mxridan ki marjvena limfur sadinarSi marjvena sauRle da laviwqveSa sadinrebSi. limfuri sadin-
rebi kisris msxvil venebs, isini ki zeda Rru erTvis.

limfuri sadinrebisa da msxvili venebis gzaze ganlagebulia limfuri kvanZebi, romlebic 
biologiuri filtrisa da imunur rols asrulebs. limfuri kvanZebi 0,5-50 mm zomis movardisfro-
monacrisfro upiratesad momrgvalo da ovaluri formis warmonaqmnebia. isini SemaerTebelqsovi-
lovani kafsuliTaa dafaruli. limfuri kvanZebi mdidaria fagocitozis unaris mqone ujredebis 
– makrofagebis ramdenime saxesxvaobiTa da plazmaturi ujredebiT.

limfur kvanZebSi limfa Senelebulad Jonavs da Tan organizmisaTvis ucxo antigenebi miaqvs. 
amitom kvanZebSi imunuri pasuxi viTardeba da limfa plazmaturi ujredebis mier producirebuli 
antisxeulebiT mdidrdeba. 

limfuri kvanZebi ara marto infeqciis gavrcelebis, aramed avTvisebiani ujredebis gamravle-
bis barierebicaa.

8.5. imuniteti

adamians arseboba uxdeba sxvadasxvaDAzomis, formisa da struqturis mqone infeqciis gamomwve-
vi agentebis garemocvaSi. maT SeuZliaT SeaRwion adamianis organizmSi, daarRvion Sinagani garemos 
homeostazi da gamoiwvion sicocxlisaTvis saSiSi daavadebebi. evoluciis procesSi adamianebs Ca-
mouyalibdaT sxvadasxva formis Tavdacvis saSualeba. organizmi aqtiurad ebrZvis masSi moxvedril 
genetikurad ucxo sxeulebsa da nivTierebebs da axdens maT neitralizacias. organizmis Tavdacvis 
unars imuniteti (laT. immunitas – vTavisufldebi raRacisgan) ewodeba. imunuri reaqciebis aqtivo-
ba erTgvar biologiur saaTs warmoadgens. iwyeba embrionuli ganviTarebidan da grZeldeba sikvdi-
lamde. moxucebulobaSi, asakis matebasTan erTad, imunuri aqtivoba qveiTdeba.

evoluciis procesSi adamians gamoumuSavda iseTi mdgradi imunuri sistema, romelic konkre-
tuli paTogenuri mikroorganizmebis moqmedebisagan organizmis dacvis saSualebas iZleva. es 
xorcieldeba Tandayolili imunitetis araspecifiuri meqanizmebis saSualebiT (fagocitozi da 
komplementis sistemis aqtivacia) da SeZenili imunitetis maRalspecifiuri imunuri pasuxiT _ an-
tigen-antisxeulis kompleqsebisa da specifiuri limfocitebis warmoqmniT.

antigeni aris nivTiereba, romelsac organizmi aRiqvams, rogorc ucxo sxeuls. antigeni Se-
saZloa iyos bunebrivi warmoSobis maRalmolekuluri polimeri an xelovnurad sinTezirebulic. 
qimiuri bunebis mixedviT, antigenebi iyofa cilovan, polisaqaridul, lipidur antigenebad. igi 
Sedgeba molekula-gadamtanisagan da determinantuli jgufisagan, romelic gansazRvravs daavade-
bis specifikas.

garda garedan SeWrili egzogenuri antigenebisa, organizmSi warmoiSoba Sinagani (endogenu-
ri) antigenebi (mag, sakuTar qsovilebsa da ujredebze sxvadasxva zemoqmedebis Sedegad).

antisxeuli aris sisxlis gama-globulini, romelsac aqvs specialuri damakavSirebeli ubnebi. 
am ubnebiT antisxeuli komplementarobis principiT uerTdeba antigens. yalibdeba kompleqsi anti-
geni-antisxeuli, am kompleqsis warmoqmnis mizania antigenis neitralizacia. adamianis organizmSi 
didi raodenobiTaa antisxeulebi, romlebic imunoglobulinebis 5 klasSi erTiandeba.

imuniteti xorcieldeba araspecifikuri da specifikuri meqanizmebiT. orive meqanizmi xor-
cieldeba ujreduli da araujreduli anu humoruli gziT. ujreduli imunitetis mTavari iaraRia 
specifiuri limfociti, xolo humorulis specifiuri antisxeulebi. 

imunur sistemaSi gaerTianebulia: centraluri (pirveladi) da periferiuli (meoradi) or-
ganoebi da qsovilebi. Zvlis tvini da Timusi (mkerdukana jirkvali) imunuri sistemis centraluri 
organoebia. limfuri kvanZebi, elenTa, periferiuli sisxli da limfuri kvanZebi imunuri sistemis 
periferiul organoebsa da qsovilebs miekuTvneba. imunitetis mTavari ujredi limfocitia. ujre-
dul imunitets aregulirebs Timusi, humoruls – Zvlis tvini. 

cnobilia, rom Tavis tvinSi limfoiduri sistema ar aris. hemato-enfaluri barieri maRalmo-
lekulur naerTebs, cilebsa da imunokompetentur ujredebs sisxlidan tvinisaken ar atarebs. imu-
nokompetenturi ewodeba organizmis yvela im ujreds, romelic monawileobs imunur meqanizmebSi 
da uzrunvelyofs organizmis imunitetis mdgradobas. es ki imas niSnavs, rom Tavis tvini organiz-
mis imunuri sistemisagan izolirebulia, amitom xangrZlivi drois ganmavlobaSi ar iyo cnobili, 
arsebobda Tu ara, da Tu arsebobda, rogor xdeboda tvinis imunuri dacva. bolo aTwleulis mo-
nacemebiT, romlebic am kiTxvaze pasuxis nawilobrivad gacemis saSualebas iZleva. aRmoCnda, rom 
Tavis tvins sakuTari, SedarebiT avtonomiuri imunuri sistema gaaCnia. amis SesaZleblobas iZle-
va, im biologiurad aqtiuri naerTebis mediatorebisa da citokinebis Seswavla, romlebic tvini-
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smieri imunologiuri reaqciebis Camoyalibebas uzrunvelyofs, aRniSnuli faqti gansakuTrebuli 
aqtualobiT warmoaCens nervuli da imunuri sistemebis urTierTmoqmedebis sakiTxs. mesame sistema 
es aris endokrinuli sistema, romelic nervul sistemasTan erTad CarTulia imunuri sistemis in-
tegralur regulaciaSi. am sistemaTa koreqtul funqcionirebaze mniSvnelovnadaa damokidebuli 
organizmis homeostazis SenarCuneba.

infeqciis SeWris barierebi. organizmis inficirebisagan dacvis Zlier fizikur bariers war-
moadgens dauzianebeli kanis safarveli. infeqciis gamomwvevi bevri agenti ver axerxebs kanis dau-
zianebeli barieris gadalaxvas. Tu kani dazianebulia _ damwvaria an gaWrilia, infeqcia mTavari 

problema xdeba. 
kanis fizikur bariers aZlierebs qimiuri dacva. rZis mJava da cximovani mJaveebi, romlebic 

oflTan erTad gamoiyofa, anadgurebs kanze arsebul baqteriebs.
lorwovani garsebic ganixileba, rogorc damcavi barieri. lorwo ar aZlevs saSualebas mi-

krobebs miemagron epiTelur ujredebs. lorwoSi moxvedrili mikrobebi da ucxo sxeulakebi meqani-
kurad scildeba ujredebs. amas xels uwyobs xveleba da daceminebac. lorwovan garsebSi sekretire-
buli biologiurad aqtiuri nivTierebebi aZliereben araspecifikur qimiur dacvas. mag, lizocimi 
cremlSi, interferonebi cxviris Rrus sekretebSi.

im SemTxvevaSi, rodesac infeqciis gamomwvevi agenti axerxebs damcvelobiTi barieris gada-
laxvas da Sinagan garemoSi sisxlSi xvdeba, amoqmedebas iwyebs Tavdacvis ori gza. pirveli _ brZola 
qimiuri naerTebiT mimdinareobs. meore gzaa fagocitozi da komplementis sistemis aqtivacia.

organizmis unars ganTavisufldes yovelgvari ucxo sxeulisagan i. meCnikovma fagocitozi 
uwoda. es unikaluri biologiuri procesi i. meCnikovis mixedviT mimdinareobs specializebuli ori 
tipis ujredebiT, romelebsac man mikro- da makrofagebi uwoda. fagocitozi rTuli Tanamimdevru-
li procesia. pirvel rigSi unda moxdes organizmisaTvis ucxo sxeulis amocnoba, Semdeg SeboWva da 
STanTqma. fagocitozis obieqts warmoadgens mikrobebi, ucxo sxeulebi, Secvlili sakuTari ujre-
debi da maTi fragmentebi, antigen-antisxeulis kompleqsi da sxv. fagocitozis procesi dayofilia 
or fazad: qemotaqsisad da sakuTriv fagocitozad.

qemotaqsisis unari anu migracia `msxverplis~ mimarTulebiT axasiaTebT mafagocitirebel 
ujredebs. organizmSi moxvedrili baqteriebi gamoyofen naerTebs, romlebic uerTdeba qsovilis 
metabolitebs da iwvevs maT qemotaqsisur gaRizianebas, rac iwvevs fagocitebis gamosvlas kapi-
larebidan da xdeba migracia inficirebuli qsovilis adgilisaken. Semdeg xdeba amocnoba da iwye-
ba fagocitozis faza, romelic mimdinareobs didi energiis gamoyenebiT da sruldeba mikrobebis 
ganadgurebiT. rogorc wesi, efeqturi fagocitozis damTavrebis Semdeg, yvela monawile fagoci-
ti kvdeba. mafagocitirebel ujredebs (makrofagebs) unari aqvT warudginon antigeni specifikur 
(adaptur) imunitets anu moaxdinon antigenis prezentacia.

araspecifikuri imuniteti. araspecifikur imunitets, romelsac farTo moqmedebis speqtri 
gaaCnia ganekuTvneba genetikuri (Tandayolili) imuniteti. imuniteti xorcieldeba ujreduli da 
humoruli meqanizmebiT.

araspecifikur ujredul meqanizmebs safuZvlad udevs fagocitozis procesi. procesi rea-
lizdeba sisxlis ujredebis: granulocitebisa da makrofagebis meSveobiT. 

araspecifikur humorul imunitetSi ZiriTad rols TamaSobs sisxlis plazmis damcvelobiTi 
naerTebi, esenia: interferoni, lizocimi da properdini da komplementis sistemis 20-mde cila. in-
terferoni sisxlis plazmis globulinia, swrafad sinTezirdeba, moqmedebis farTo speqtri gaaC-
nia. interferoni araspecifiurad icavs organizms virusisagan, maSinac, sanam moxdeba specifiuri 
antisxeulebis momateba. lizocimi cilaa da gaaCnia fermentuli da mukolizuri aqtivoba, ebrZvis 
organizmSi moxvedril gamaRizianeblebs. aqtiurad ebrZvis maT zrdasa da ganviTarebas. araspeci-
fikur humorul meqanizmebs miekuTvneba saWmlis momnelebel arxSi gamoyofili zogierTi sekreti 
da kuWis wvenis maRali mJavianobac dacvis erTerTi saukeTeso saSualebaa. SedarebiT gansxvave-
bulad moqmedebs Sratis cilebis – komplementis sistema, romelic aqtivdeba kaskadurad da qmnis 
baqteriis membranis Semtev kompleqss. igi arRvevs membranis mTlianobas da am gziT iwvevs paTogenis 
ganadgurebas.

specifikuri imuniteti. SeZenili imuniteti specifikuri xasiaTisaa, specifikuri imuniteti 
anadgurebs iseTi jgufis ucxo sxeulebs an toqsinebs, romlebTanac organizms erTxel ukve hqonda 
kontaqti. specifikur imunitets araspecifikuris msgavsad, orgvari meqanizmi udevs safuZvlad: 
ujreduli da humoruli. orive meqanizmi dakavSirebulia imunokompetentur ujredebTan. imu-
nokompetenturi T da B limfocitebi warmoiqmneba Zvlis tvinis Rerovani ujredebisagan, Semdeg 
sisxlis nakadis meSveobiT T limfocitebi TimusSi xvdeba. B limfocitebi ki _ momwifebasa da dife-
rencirebas ganagrZobs Zvlis tvinSi. Semdeg ki periferiaze, antigebTan Sexvedrisas iwyeben prol-
feracias da yalibdebian antisxeul masinTezirebel ujredebad. T limfocitebi ujreduli imuni-
tetis safuZvels qmnis, B limfocitebi ki humorul imunitets uzrunvelyofs.
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sur. 8.30. sasunTqi sistema
1 _ xaxa; 2 _ xorxi; 3 _ cxviris Rru; 4 _ marjvena filtvi; 5 _ marcxena 
filtvi; 6 _ sasule; 7 _ piris Rru.

TimusSi moxvedrili T limfocitebi ganicdis diferencirebas da warmoiqmneba funqciis mi-
xedviT sami gansxvavebuli jgufi. pirveli _ citotoqsiur-kileruli T limfocitebi da bunebrivi 
kilerebi, romlebic pirdapir ukavSirdeba organizmSi SeWril ucxo sxeulebs da anadgureben, meo-
re _ imunuri mexsierebis ujredebi. aqvT unari erTjeradi kontaqtis Semdeg daimaxsovron da meo-
red SeWris SemTxvevaSi amoicnon ucxo sxeuli da daasinTezon specifiuri antisxeulebi. mesame _ 
helper-induqtorebi, romlebic uSualod ar monawileoben ucxo sxeulebis ganadgurebaSi, magram 
mTavar rols asrulebs rogorc humoruli, aseve imunuri pasuxis regulaciaSi. am ujredebs, maTi 
mTavari funqciis gamo, imunuri sistemis `diriJorebs” uwodeben. 

B limfocitebi Zvlis tvinSi diferencirebis Semdeg sisxlis nakadis meSveobiT xvdeba elen-
TaSi, limfoidur kvanZebsa da grovebSi da ganicdis antigendamokidebul diferencirebas, gar-
daiqmneba imunokompetentur ujredebad. B limfocitebi sisxlSi araaqtiuri formiTaa, sanam ar 
Sexvdeba ucxo sxeuls, antigenTan kontaqts amyarebs zedapiruli struqturiT Sesabamisi B limfo-
citebi. es ukanasknelebi aqtiurdebian, iwyeben proliferacias, ris Sedegadac sisxlSi izrdeba 
specifiuri klonis limfocitebis raodenoba. B limfocitebi programirdeba Zvlis tvinSi, iZens 
unars, raTa moaxdinos sinTezi damcvelobiTi cilebisa _ imunoglobulinebis anu antisxeulebisa. 
momwifebul B limfocits, romelsac antisxeulebis sinTezis unari aqvs – plazmaturi ujredebi 
ewodeba. sisxlis nakadiT periferiaze moxvedrili B limfocitebi agrZelebs programirebul for-
mirebas. xdeba daswavla antigenebis cnobisa da xuTi tipis G, A, M, D, E imunoglobulinebis sinTezi. 
imunoglobulinebi aris sisxlis SratSi Semavali cilebis Jgufi, romelTac antisxeulis Tvisebebi 
gaaCnia.

T da B limfocitebi mafagocitirebel da antigenwarmdgen ujredebTan erTad warmarTaven 
imunur reaqciebs organizmSi. maTi raodenobrivi da funqciuri maCveneblebis SefasebiT SegviZlia 
vimsjeloT organizmis imunur statusze.

8.6. sunTqva

sunTqva adamianis si-
cocxlis ganuwyveteli pro-
cesia, romelsac iwyebs da-
badebisTanave da agrZelebs 
sikvdilamde. vsunTqavT 
dRec da Ramec, Rrma ZilSic, 
avadmyofobis Tu kargad yof-
nis dros. sunTqva fiziolo-
giur procesTa erTobliobaa, 
romelTa Sedegad organizmSi 
Jangbads moixmars da naxSi-
rorJangs gamoyofs. navarji-
Seb adamians aqvs unari 3-4 
wuTiT SeaCeros sunTqva, zo-
gierTs 6 wuTiTac. sunTqvis 
meti droiT Sekaveba sikvdils 
iwvevs. adamianis yvela ujre-
disaTvis aucilebelia ener-
gia.

energiis wyaro aris or-
ganul naerTTa ganuwyveteli 
daSla da daJangva. daJangvis 
procesSi Jangbadi monawile-
obs, amitom ujredebs mudmi-
vad esaWiroeba misi miwodeba. 
nebismieri organuli naerTis 
daJangvis Sedegad miiReba 
naxSirorJangi da wyali, rom-
lebic organizmidan gani-
devnebian.

adamiani sunTqavs at-
mosferuli haeriT, romlis 
Semadgenlobac aseTia: 20,94% 
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Jangbadi, 0,03% naxSirorJan-
gi, 79,03% azoti. amosunTqu-
li haeri Seicavs: 16,3% Jan-
gbads, 4% naxSirorJangs da 
79,7% azots. garemosa da or-
ganizms Soris haeris cvlas 
garegani sunTqva ewodeba. ga-
regani sunTqvis Semadgenel 
nivTierebaTa procentuli 
mdgomareoba sxvadasxva gare-
moSi cvalebadia.

CasunTqul da amo-
suTqul gazTa cvlas axor-
cielebs sunTqvis organoTa 
sistema, romelic Sedgeba 
gul-mkerdis RruSi moTavse-
buli ori filtvisagan da ha-
ergamtari gzebisagan Semde-
gi TanamimdevrobiT: cxviris 
Rru, xaxa, xorxi, sasule, 
bronqebi, bronqiolebi, alve-
olebi (sur. 8.30).

haergamtari gzebi. ha-
ergamtari gzebi iwyeba cxviris 
RruTi, romelsac Zvlovan-
xrtilovani Zgide marjvena 
da marcxena naxevrebad yofs. 
yovel maTganSi moTavsebulia 
daklaknili xvrelebi, romle-

bic afarToeben cxviris Rrus Siga zedapirs, lorwovani garsi, romliTac amofenilia cxviris Rru da 
uxvad aris momaragebuli wamwamebiT, sisxlZarRvebiTa da lorwos gamomyofi jirkvlebiT.

haergamtari gzebis gavlisas atmosferuli haeri sufTavdeba mtvrisagan, Tbeba da teniandeba. 
haeris gasufTaveba mtvrisagan gansakuTrebiT efeqturia cxviriT sunTqvis dros. cxviris viwro 
savalebSi haeris gavlisas warmoiqmneba grigaliseburi moZraoba. mtvris msxvili nawilakebi ejaxe-
bian cxvirs, cxvir-xaxis kedlebs. ekvrian haergamtari gzebis lorwos, gasufTavebis aRwerili meqa-
nizmi imdenad efeqturia, rom SigniTa sasunTq gzebSi SeiZleba moxvdes mxolod mtvris nawilakebi, 
romelTa diametri ar aRemateba 4-6 mk. mtvris nawilakebis mocilebas xels uwyobs agreTve bronqe-
bisa da traqeis mocimcime epiTeliumis moqmedeba.

sasulesa da bronqebSi mtvris msxvili nawilakebis moxvedrisas refleqsurad gamoiwveva 
xvela, xolo cxvirSi moxvedrisas ki cxviris dacemineba. xveleba da dacemineba sasunTqi dacviTi 
refleqsebia, romlebic asufTaveben sasunTq gzebs sunTqvis Semaferxebeli ucxo nawilakebisa da 
lorwosagan.

cxviris Rrudan haeri gadadis xaxaSi da Semdeg xvdeba xorxSi. xorxs Zabris forma aqvs, rom-
lis kedlebi ramdenime xrtilisgan aris warmoqmnili. masSi moTavsebulia ori wyvili naoWi saxmo 
da karibWis. gaaCnia elastikuri xorxsarqveli. saWmlis ylapvis dros xorxis Sesasvleli ixureba 
xrtilovani xorxsarqveliT, rac icavs haergamtar gzas, rom masSi ar moxvdes sakvebis marcvlebi. 
xorxis xrtilebs Soris moTavsebulia lorwovani naoWi _ mbgeravi saxmo iogebi. saxmo iogebs So-
ris moTavsebul sivrces yia ewodeba. rodesac adamiani dums, saxmo iogebi erTmaneTs Sordeba da 
yia tolferda samkuTxeds emsgavseba (sur. 8.31). laparakis, simReris dros saxmo iogebi erTdeba. 
amosunTquli haeri naoWebs awveba. isini rxevas iwvevs da warmoiqmneba bgera. CurCulis dros saxmo 
iogebi odnav iReba.

adamianis xmis simaRle damokidebulia saxmo iogebis sigrZeze. rac ufro moklea saxmo iogebi, 
miT ufro metia maTi rxevis siCqare da miT maRalia xma. qalebs ufro mokle saxmo iogebi aqvT, vidre 
mamakacebs. amitom qalis xma mudam maRalia.

saxmo iogebs SeuZlia 80-dan 10 000 rxeva Seasrulos erT wamSi. adamianis metyvelebis bgerebis 
saboloo Camoyalibeba xdeba xaxis, cxvir-xaxisa da cxviris RruebSi, enis, tuCebis, qveda ybis mdeba-
reobis Secvlis Sedegad (sur. 8.31).

filtvebi
yoveli bronqi filtvebSi xesaviT itoteba da haergamtari gzebis milakebis diametri Tanda-

Tan mcirdeba. yvelaze wvrili bronquli milakebi haeriT savse filtvis buStukebis Txelkedliani 
mtevnebiviT bolovdeba (sur. 8.32). maTi kedlebi epiTeliuri ujredebis erTi Srisagan Sedgeba da 
mWidrod garemosilia kapilarebis qseliT. buStukebis epiTeluri ujredebi biologiurad aqtiur 
nivTierebebs gamohyofs, riTac apkis saxiT gamofenilia buStukebis Siga zedapiri. es apki inarCu-

sur. 8.31. bgeris warmoqmnaSi monawile organoebi.  marcxniv – saxmo io-
gebis mdgomareoba:  a -  dumilis, b – laparakis, g – CurCulis  dros. 
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nebs buStukebis mudmiv mo-
culobas da maT SeerTebis 
saSualebas ar aZlevs. gar-
da amisa, apkis nivTierebebi 
filtvebSi haerTan erTad 
SeRweul mikroorganizmebs 
auvneblebs.

filtvebis anTebis, tu-
berkuliozisa da filtvebis 
sxva infeqciuri daavadebe-
bis dros SesaZloa apki da-
ziandes. am dros buStukebi 
erwymis erTmaneTs da gazTa 
cvlaSi monawileobas ve-
Rar Rebulobs. intensiuri 
sunTqva xels uwyobs filtvis 
buStukebis ganaxlebas.

filtvis buStukebi war-
moqmnian Rrublisebr nivTie-
rebas, romelic filtvebs 
ayalibebs. filtvebi gulmkerdis mTel Rrus avsebs im adgilis garda, rac guls, sisxlZarRvebs, ha-
ergamtar gzebsa da saylapav mils uWiravs. yovel filtvSi 300-350 milioni buStukia. maTi saerTo 
zedapiri 120 kvadratuli metria, rac sxeulis zedapirze daaxloebiT 60-70-jer metia.

filtvi garedan dafarulia gluvi priala SemaerTebel-qsovilovani apkiT _ filtvis ple-
vriT. gulmkerdis Siga zedapiric amofenilia kedlis amyoli plevriT. maT Soris moTavsebulia 
hermetuli plevris Rru, romelic notioa da srulebiT ar Seicavs haers. amitom filtvebi mudam 
ekvris gulmkerdis Rrus kedlebs da misi moculoba gulmkerdis Rrus moculobis cvlilebisdagva-
rad icvleba.

zrdasruli adamiani dRe-Ramis ganmavlobaSi 10 aTas litr Jangbads CaisunTqavs. didi raode-
nobis Jangbads Txoulobs axalSobili. igi 50 sunTqviT sixSires asrulebs erTi wuTis ganmavloba-
Si. mozardi _ 20-s. zradsruli adamiani 16-18-s. didi raodenobis Jangbads saWiroebs zrdasruli 
adamiani fizikuri datvirTis pirobebSi, mZinare adamiani erTi saaTis ganmavlobaSi 15-20 litramde 
Jangbads moixmars. mRviZare wamowolili adamiani erTi mesamediT met Jangbads moixmars, vidre Zil-
Si. mosiarule orjer mets. msubuqi muSaobisas samjer mets. mZime fizikuri datvirTvisas eqvsjer 
mets. fizikuri datvirTvisas filtvebis moculoba izrdeba, magram sunTqviTi sixSire qveiTdeba. 
igi xdeba 6-10-mde, nacvlad 16-18 sixSirisa, romelic erTi wuTis ganmavlobaSi mimdinareobs. ada-
miani yovel CasunTqul 500 sm3 haeridan Rebulobs 20 sm3 Jangbads. amosunTqvis dros gamoyofs 17,5 
sm3 naxSirorJangs.

eqsperimentulad dad-
genilia, rom dRis ganmavlo-
baSi adamianis saqmianobis 
gaTvaliswinebiT Jangbadis 
moxmarebis raodenoba cva-
lebadia. rodesac adamiani 
isunTqavs mtvrian haers, or-
ganizmSi xvdeba didi raode-
nobis mikrobi. Tu adamians 
sunTqva uxdeba sufTa oTaxSi 
1 m3 moculobis haerSi 15-20 
mikrobia. quCaSi ki 5  000. ga-
moTvlilia, erTi baqterii-
dan +300C yovel 30 wuTSi 
ori Cndeba. +200C baqteriis 
gamravleba orjer mcirdeba, 
xolo +100C mcirdeba 20-jer. 
+30C mikrobebi gamravlebas 
wyveten. zamTris civ piro-
bebSi haerSi mikrobebi saer-
Tod ar aris. mikrobebs spobs 

sur. 8.32. gazTa cvla filtvebSi
1 _ alveolebi; 2 _ vena; 3 _ alveolTa kapilaruli qseli; 4 _ arteria.

sur. 8.33. CasunTqvisa da amosunTqvis ritmuloba
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agreTve mzis sxivebi.
sunTqviTi moZraoba-

ni da maTi regulireba. Ca-
sunTqva da amosunTqva rit-
mulad enacvleba erTmaneTs 
da uzrunvelyofs filtvebSi 
haeris gavlas anu filtve-
bis ventilacias. CasunTqva 
xorcieldeba gulmkerdis 
Rrus moculobis gazrdis 
gamo, romelic xorcieldeba 
neknebis awevisa da diafrag-
mis dawevis gamo (sur. 8.33). 
rodesac CasunTqva damTavr-
deba sasunTqi kunTebi dunde-
ba. neknebi iweva qveviT, xolo 
diafragmis gumbaTi iwevs 
zeviT. gulmkerdis Rrus mo-
culoba mcirdeba. xdeba amo-
sunTqva. es procesi mimdi-
nareobs pasiurad, kunTebis 
monawileobis gareSe.

sasunTqi sistemis ritmulobis moqmedebas aregulirebs sunTqvis centri, romelic mdebare-
obs mogrZo tvinSi. aqedan wamosuli mamoZravebeli aqsonebiT nervuli impulsebi koordinirebas 
uwevs CasunTqva-amosunTqvaSi monawile kunTebis muSaobas. TviTon sasunTqi centris neironebis 
agznebas axorcielebs sxvadasxva receptoridan wamosuli nervuli impulsebi da agreTve sisxlis 
qimiuri Semadgenloba. sunTqvis centrSi arsebobs mgrZnobiare neironebi, romlebic reagireben 
naxSirorJangis koncentraciis momatebaze. iwyeba sunTqvis gaZliereba. rogorc ki Semcirdeba 
naxSirorJangis koncentracia da gaxdeba normaluri, sunTqvis sixSire Semcirdeba.

rogorc davinaxeT, sunTqvis regulacia xorcieldeba refleqsurad, magram kontrolirdeba 
Tavis tvinis didi hemisferoebis gavleniT, rac martivad SeiZleba davadginoT. yvela adamians aqvs 
unari cvalos sunTqvis sixSire.

filtvebis sasicocxlo tevadoba. mSvidi SesunTqvis dros mozrdili adamianis filtvebSi 
daaxloebiT 500 kuburi santimetri haeri Sedis. haeris am moculobas sasunTqi haeri ewodeba. sa-
sunTqi haeris garda, adamians aqvs unari SeisunTqos samjer meti moculobis haeri. mas damatebiTi 
haeri ewodeba (1500 sm3). Cveulebrivi amosunTqvis Semdeg SesaZlebelia adamianma amoisunTqos kidev 
1500 sm3 haeri, romelsac sarezervo haeri ewodeba. aseTia saSualo cifrebi normaluri mozrdili 
mamakacisTvis. am cifrebidan gamomdinareobs, rom mSvidi sunTqvis dros gulmkerdis Rru ar far-
Tovdeba da ar viwrovdeba maqsimumamde. saWiroebis SemTxvevaSi sasunTqi moZraobis sidide SeiZle-
ba gaizardos rogorc amosunTqviT, aseve CasunTqviT.

filtvebSi Semavali da amosunTquli haeris moculoba izomeba specialuri gazometriT, ro-
melsac spirometri ewodeba. Tu spirometriT davakvirdebiT adamianis maqsimalur SesunTqvas da 
agreTve maqsimalur amosunTqvas, aRmoCndeba, rom spirometrSi Seva rogorc sasunTqi, agreTve 
sarezervo da damatebiTi haeri, e. i. 500+1500+1500=3 500 kuburi santimetri. amas filtvebis sasi-
cocxlo tevadoba ewodeba.

aRsaniSnavia erTi garemoeba. zusti cifrebis motana filtvebis sasicocxlo tevadobis Se-
saxeb praqtikulad SeuZlebelia, radgan igi cvalebadia sxvadasxva pirobebSi. mniSvneloba aqvs 
sqess, asaks, sxeulis zomas da gansakuTrebiT cdis pirs, romelic gavarjiSebulia fizikurad. ami-
tomac ar aris gasakviri, rodesac literaturaSi vxvdebiT filtvebis sasicocxlo tevadobis Se-
saxeb sxvadasxva cifrs. es cifrebi meryeobs saSualod 2 000-7 000 sm3 Soris.

gazTa cvla filtvebsa da qsovilebSi. garegani sunTqvis Tanadroulad gazTa cvla mimdina-
reobs filtvebsa da qsovilebSi. qsovilebSi mimdinare gazTa cvlas Sinagani sunTqva ewodeba. gazTa 
cvla filtvebsa da qsovilebSi xorcieldeba sisxlis mimoqcevis orive wris meSveobiT. sisxlis mi-
moqcevis mcire wreSi, romlis kapilaruli sistema moTavsebulia filtvebSi, warmoebs Jangbadis 
SeTviseba sisxlis mier da naxSirorJangis gadacema filtvebSi, e. i. venuri sisxli gadaiqceva arte-
riulad. Tavisufldeba naxSirorJangisagan da mdidrdeba JangbadiT.

sisxlis mimoqcevis did wreSi xorcieldeba sawinaaRmdego procesi. sisxlis mimoqcevis did 
wreSi, romlis kapilaruli sistema gaSlilia organizmis yvela qsovilSi, warmoebs Jangbadis gada-
cema qsovilebSi da naxSirorJangis gamotana qsovilebidan. arteriuli sisxli gadaiqceva venurad. 

sur. 8.34. gazTa cvla filtvebsa da qsovilebSi
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sur. 8.35. adamianis saWmlis momnelebeli sistema

Tavisufldeba Jangbadisagan da mdidrdeba naxSirorJangiT.
organizmSi gazebis transporti sisxlis saSualebiT xdeba. Jangbadi alveoluri haeridan di-

fundirebs sisxlis plazmaSi, saidanac igi gadadis eriTrocitebSi da uerTdeba hemoglobins. qmnis 
aramtkice naerTs oqsihemoglobins qsovilebSi. oqsihemoglobini advilad aTavisuflebs Jangbads 
da advilad gardaiqmneba kvlav hemoglobinad.

naxSirorJangi sisxlSi gadadis qsovilebidan. rTuli bioqimiuri gardaqmnebis Sedegad 
ukavSirdeba eriTrocitebs. naxSirorJangis gadasvlasTan erTdroulad xdeba oqsihemoglobinis 
mier Jangbadis gamoTavisufleba.

SesunTqul da amosunTqul haerSi garegani sunTqvis dros, Jangbadisa da naxSirorJangis 
sxvadasxva raodenoba filtvebis buStukebSi gazTa cvliT aixsneba. naxSirorJangis koncentracia 
filtvebis venur kapilarebSi gacilebiT metia, vidre buStukebSi (sur. 8.34). amitom venuri sisxli-
dan naxSirorJangi filtvebis buStukebSi gadainacvlebs da amosunTqvis dros organizmidan ga-
moidevneba, vinaidan Jangbadis koncentracia buStukebSi metia, vidre sisxlSi. Jangbadi filtvis 
buStukebidan sisxlSi gadadis. aq xdeba venuri sisxlis arteriulad gardaqmna. filtvebis venebiT 
arteriuli sisxli marcxena winagulSi Caedineba. Semdeg gadadis marcxena parkuWSi da sisxlis mi-
moqcevis didi wriT miaRwevs organizmis yvela qsovils. 

sisxlis mimoqcevis didi wris kapilarebidan Jangbadi qsovilebSi gadadis (sur. 8.34) imitom, 
rom arteriul sisxlSi meti Jangbadia, vidre ujredebSi. naxSirorJangi ujredebidan sisxlSi gada-
dis. amgvarad, organoTa qsovilSi arteriuli sisxli venur sisxlad gadaiqceva. sisxlis mimoqcevis 
didi wris venebiT venuri sisxli marjvena winagulSi Caedineba. Semdeg parkuWSi, saidanac filtveb-
Si xvdeba.

8.7. saWmlis momnelebeli sistemis fiziologia

kveba akavSirebs adamians garemosTan nivTierebaTa cvlis saSualebiT, romelsac aregulirebs 
nervuli sistema. sakvebi, romliTac adamiani ikvebeba mravalferovania. warmoSobis mixedviT sakve-
bi iyofa or did jgufad: 
mcenareul da cxovelu-
rad. srulyofili sakve-
bi unda Seicavdes yvela 
im nivTierebas, romelic 
aucilebelia orga-
nizmisTvis. cnobilia, 
rom adamianis organizmi 
Seicavs daaxloebiT 60-
65% wyals, 5,8% marils, 
15-20% cilas, 0,6% 
naxSirwyals, 19% cxims. 
kvebis saSualebiT orga-
nizmi inazRaurebs aRni-
Snul nivTierebaTa da-
nakargs. es nivTierebebi 
organizmSi sxvadasxva 
funqcias asrulebs. imis 
mixedviT, sakvebSi rome-
li nivTiereba Warbobs, 
arCeven cximovan, cilo-
van da naxSirwylovan 
kvebas.

organizmis nor-
maluri funqcionire-
bisaTvis aucilebelia 
energia. adamiani ener-
gias miRebuli sakvebis 
qimiuri gardaqmnis Se-
degad Rebulobs. war-
moqmnili energiis 70%-s 
adamiani axmars sxeulis 
temperaturis Senar-
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Cunebas. energia gardaiqmneba siTbod. rac naklebi siTbo gamoiyofa 
kanidan, miT naklebi sakvebia saWiro. es ki gavlenas axdens adamianis 
aRnagobaze. darCenili energiis 30% xmardeba organizmSi mimdinare 
sxvadasxva fiziologiuri procesis ganxorcielebas.

saWmlis moneleba rTuli fiziologiuri procesia, romlis 
saSualebiTac saWmlis momnelebel traqtSi moxvedrili sakvebi ga-
nicdis fizikur da qimiur cvlilebebs da masSi Semavali sakvebi 
nivTierebebi Seiwoveba sisxlSi an limfaSi. sakvebis fizikuri cvli-
lebebi mdgomareobs mis meqanikur damuSaveba-daqucmacebaSi, arevasa 
da gaxsnaSi. qimiur cvlilebebs aqvs cilebis, cximebisa da naxSirwyle-
bis hidrolizuri daSlis mTeli rigi Tanamimdevruli etapebi.

adamianis saWmlis momnelebeli sistema Sedgeba grZeli milisa-
gan, mravali wvrili da msxvili jirkvlebisagan (sur. 8.35.) da iyofa sam 
nawilad: wina, Sua da ukana nawilebad. 

wina nawili iwyeba piris napraliT da grZeldeba kuWis gasavlamde; 
Sua nawili _ kuWis gasavlidan msxvili nawlavis dasawyisamde; uka-
na nawili iwyeba msxvili nawlavis dasawyisidan da bolovdeba analu-
ri xvreliT. yoveli CamonaTvali nawili Tavis mxriv iyofa ramdenime 
nawilad. wina nawili Sedgeba piris napralis, piris karibWis, piris 
Rrus, xaxis piris, xaxis, saylapavi milisa da kuWisagan. Sua nawili _ 
Tormetgoja nawlavis, mlivi nawlavis, TeZos nawlavisagan (yvela ze-
moT CamoTvlili warmoadgens wvril nawlavebs). ukana nawlavi _ brma 
nawlavis, Wianawlavis, aswvrivi kolinjis, ganivi kolinjis, daswvrivi 
kolinjis, sigmoiduri kolinjis, swori nawlavis, uakana gasavalisa-
gan.

saWmlis moneleba piris RruSi. sakvebis gadamuSaveba iwyeba 
piris RruSi, sadac warmoebs misi daqucmaceba da lukmis formire-

ba. piris RruSi sakvebi saSualod 15-18 wamamde rCeba. am xnis ganmavlobaSi xdeba piris Rrus mTel 
lorwovan garsSi mimofenili iseTi mgrZnobiare elementebis gaaqtiureba, rogorebicaa gemovnebis, 
taqtiluri, Termuli da tkivilis receptorebi. am receptorebidan samwvera, saxis da ena-xaxis ner-
vebis SemadgenlobaSi Semavali mgrZnobiare boWkoebiT nervuli impulsebi Tavis tvinis saTanado 
nervul centrebs aRwevs. gaaqtivebuli nervuli centrebi amoqmedebs refleqsur rkalebs da iwyeba 
nerwyvis gamoyofa piris RruSi. nerwyvi ufero, odnav mRvrie, blanti, susti tute reaqciis siTxea. 
igi Seicavs naxSirwylebis damSlel ferments ptialins (amilazebis narevi), romelic Slis saxame-
bels maltozad. es ukanaskneli maltazas zemoqmedebiT glukozis molekulebamde iSleba. meores 
mxriv piris RruSi xdeba sakvebis meqanikuri damuSaveba ReWviTi moZraobebiT. ReWva xorcieldeba 
saReWi kunTebis SekumSviT, romlis drosac warmoebs qveda ybis gadaadgileba zeda ybis mimarT. ybis 
moZraobis gamo, zeda da qveda ybis kbilebi exeba erTmaneTs da glejs da aqucmacebs sakvebs. 

adamians kbilebi orjer amosdis. pirveli periodis kbilebs mosacvlel (sarZeve) kbilebs uwo-
deben. mosacvleli kbilebi 20-ia: 8 saWreli, 4 eSvi, 8 didi ZiriTadi kbili. meore periodis kbilebs 
uwodeben mudmiv kbilebs. maTi ricxvi 32-ia: 8 saWreli, 4 eSvi, 8 mcire ZiriTadi da 12 didi ZiriTadi 
kbili. kbilis agebuleba naCvenebia suraTze (sur. 8.36).

lukmad gamzadebuli sakvebi enis da 
rbili sasis kunTebis moqmedebiT gadadis xa-
xis pirSi, xaxaSi da saylapavi miliT Caedineba 
kuWSi.

saWmlis moneleba kuWSi. kuWSi moxve-
drili sakvebi ramodenime saaTis ganmavloba-
Si imyofeba da mxolod TandaTanobiT gadadis 
wvril nawlavSi. sakvebze meqanikur zemoqme-
debas axdens kuWis muskulaturis perioduli 
SekumSvebi; xolo qimiurs _ sakvebSi Sereuli 
nerwyvis fermentebi da TviT kuWis wveni.

kuWi Rru organoa. mdebareobs marcxena 
ferdqveSa midamoSi. Sedgeba Semdegi nawile-
bisagan: Sesavali, Ziri, sxeuli da gasavali anu 
pilorusi. aqvs ori kedeli, wina da ukana. ori 
simrude zeda (mcire simrude) da qveda (didi 
simrude). zrdasruli adamianis kuWis sigrZe 

sur. 8.36. adamianis kbilis 
agebuleba
1 _ minanqari; 2 _ dentini; 3 
_ RrZilebi; 4 _ kbilis Rru; 
5 _ kbilis pulpa; 6 _ du-
Rabi; 7 _ kbilis fesvis arxi; 
8 _ kbilbudeTa morCi; 9 _ 
kbilis mwvervalis xvreli; 10 
_ kbilis nervebi; 11 _ kbi-
lis arteriebi da venebi; 12 
_ kbilis fesvi; 13 _ kbilis 
yeli; 14 – kbilis gvirgvini.

sur. 8.37. kuWis kedlis agebuleba
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15-18 sm-ia. kuWis saSualo tevadoba 
sami litria. kuWis kedeli sam gar-
siania. gareTa _ serozuli, Sua _ 
kunTovani, romelic qmnis kuWis ga-
savalTan pilorusis sfinqters. Si-
gniTa _ lorwovani. kuWis kunTovani 
garsi samSriania. gareTa _ gaswvri-
vi, Sua _ irgvlivi da SigniTa _ iri-
bi (sur. 8.37).

kuWis wvenis gamomuSaveba xde-
ba TviTon kuWSi arsebul jirkvleb-
Si, romlebic ganlagebulia lorwo-
van garsSi. adamianis kuWSi dRe-Ramis 
ganmavlobaSi 2,0-2,5 litri wveni 
iyofa. wveni gamWvirvale siTxea da 
kuWSi qmnis mJave ares. mJave reaqcia 
ganpirobebulia HmarilmJavis arse-
bobiT, romlis Semcveloba adamianis 
kuWSi 0,4-0,5%-ia. kuWis wveni Seicavs 
fermentebs: pepsins - Slis cilebs, 
renins - rZis kazeins axaWoebs, lipa-
zas - Slis rZis cximebs. isini monawi-
leoben sakvebis qimiur damuSavebaSi.

saWmlis moneleba wvril 
nawlavSi. nawilobrivad monele-
buli da marilmJavaTi SemJavebuli 
sakvebi, kuWidan wvril nawlavis pir-
vel ganyofilebaSi _ TormetgojaSi gadadis. adamianSi wvrili nawlavebis sigrZe 3-3,5 metria. Tor-
metgoja nawlavSi Caedineba RviZlisa da kuWqveSa jirkvlis gamomtani sadinrebi. nawlavSi iqmneba 
susti tute are, romlis SeqmnaSi aqtiur rols TamaSobs kuWqveSa anu pankreasis wveni. pankreasis 
wona daaxloebiT 70-80 gramia, Sedgeba sami nawilisagan: Tavi, sxeuli da kudisagan (sur. 8.38). aqvs sa-
dinari da naRvlis saerTo sadinarTan erTad Caedineba Tormetgoja nawlavSi. naRveli warmoiqmneba 
RviZlSi. naRveli xels uwyobs cximebis monelebas. (naRvlis funqciebi: axdens cximebis emulgire-
bas, aaqtivebs pankriasis fermentebs, aqvs baqteriociduli Tviseba).

pankreasis wveni mdidaria fermentebiT (amilaza; peptidaza - tripsini, qemotripsini; lipaza) 
da iwyeba sakvebis qimiuri damuSaveba. xdeba cilebis, cximebisa da naxSirwylebis daSla. nawlavis 
kedlebis talRiseburi SekumSvebi (sur. 8.39) xels uwyobs saWmlis fafis moZraobas. 

sakvebis moZraoba iwvevs nawlavis lorwovan garsSi mdebare didi raodenobis jirkvlebis ga-
Rizianebas, romlebic nawlavebis wvens gamoyofs. nawlavebis wvenSi didi raodenobiT fermentebis 
arseboba aZlierebs dawyebuli sakvebis daSlis process. maRali organuli naerTebi daiSleba wyal-
Si xsnad martiv naerTebad. cilebi iSleba aminomJavebad. cximebi glicerinad da cximovan mJavebad. 
naxSirwylebi glukozad.

saWmlis moneleba msxvil nawlavSi. msxvil nawlavs saWmlis monelebisTvis Zalian mcire 
mniSvneloba aqvs, radgan sakvebi, zogierTi mcenareuli nivTierebis garda, TiTqmis mTlianad mo-
nelebulia da Sewovili ukve wvril nawlavSi. msxvil nawlavSi xvdeba mcenareuli sakvebis dauSle-
li ujredebi, romelTa garss fermentebi ver Slis. miuxedavad amisa, mcenareuli ujredebis nawili 
mainc iSleba msxvil nawlavSi iq arsebuli baqterie-
bis zegavleniT. gaTavisuflebuli SigTavsi ki moi-
neleba wvrili nawlavidan gamoyofili fermentebiT. 

Tavisebur gardaqmnas ganicdis msxvil nawlavSi 
cilis narCenebi. maTze moqmedebs garkveuli tipis 
baqteriebi, romlebic cilis lpobas iwvevs. cilis 
lpobis dros warmoiSveba garkveuli Sxamebi. Sxame-
bi msxvili nawlavidan gadadis sisxlSi. karis venis 
gavliT xvdeba RviZlSi, sadac xdeba maTi gauvne-
belyofa. nawlavis mikrofloras didi mniSvneloba 
aqvs adamianisaTvis (asinTezeban KK da B jgufis zo-
gierT vitamins.).

Sewova. Sewova ewodeba garemodan, sxeulis 

sur. 8.38. Tormetgoja nawlavSi Camavali sadinrebi

sur. 8.39. nawlavis talRovani SekumSva
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Rruebidan da Rru organoebidan sisxlSi an limfaSi sxvadasxva nivTierebis gadasvlas ujredTa 
erTi an ramdenime Sris gavliT. gansakuTrebuli fiziologiuri mniSvneloba aqvs Sewovas saWmlis 
momnelebel arxSi. am gziT organizmi iRebs misTvis aucilebel sayuaTo nivTierebebs.

kuWSi Sewova metad umniSvneloa. aq Zlier nela Seiwoveba mxolod mineraluri marilebi, mono-
saqaridebi, alkoholi da wyali.

yvelaze intensiuri Sewova wvril nawlavebSi xdeba, sadac Semwovi zedapiri metad didia. xaoe-
bis (gamoburculobebi) didi raodenoba mniSvnelovnad adidebs wvrili nawlavebis lorwovani gar-
sis zedapirs. yovel xaoSi Sedis sisxlZarRvebi da limfuri ZarRvebi. wvrili nawlavebis xaoebis 
gamo nawlavis zedapiri didad aRemateba sxeulis gareTa zedapirs. wvril nawlavSi mimdinareobs 
cilebis, cximebisa da naxSirwylebis daSlis produqtebis Sewova. xaoebi damcvel funqciasac asru-
lebs. xels uSlis nawlavebSi arsebul mikroorganizmebis SeRwevas sisxlsa da limfaSi.

normalur fiziologiur pirobebSi sayuaTo nivTierebebis Sewova msxvil nawlavSi mcirea, rad-
ganac sayuaTo nivTierebebis didi nawili ukve Sewovilia. msxvil nawlavebSi Sewova SeiZleba im nivTie-
rebebisa, romlebic advilad iSleba da Seiwoveba. msxvil nawlavebSi xdeba wylis intensiuri Sewova.

8.7.1.  vitaminebi
organizmis janmrTelobisaTvis aucilebelia sakvebTan erTad adamianma sxvadasxva saxis vi-

tamini miiRos. termini vitamini (laT. vita _ sicocxle) 1912 wels polonelma mecnierma k. funkom 
SemoiRo. vitaminebi organuli naerTebia da erTmaneTisagan gansxvavdeba qimiuri struqturiT, sin-
Tezis adgiliT da moqmedebiT. vitaminebs mravalferovani bioqimiuri funqciebi gaaCnia da aqtiu-
rad monawileoben nivTierebaTa cvlaSi. vitaminebi organizms mcire raodenobiT esaWiroeba. adamia-
nisTvis maTi dRiuri norma mikrogramidan miligramebis farglebSi meryeobs. axalSobilis, bavSvis, 
qalisa da mamakacis vitaminebis dRiuri norma gansxvavebulia. vitaminebis rogorc nakleboba ise 
siWarbe  sxvadasxva saxis paTologias iwvevs. vitaminebis ukmarisobiT gamowveul paTologias avi-
taminozi ewodeba.

rogorc wesi vitaminebi adamianSi ar sinTezirdeba, Tu sinTezirdeba _ ara sakmao raodeno-
biT. vitaminebis miRebis ZiriTadi wyaro mcenareuli sakvebia. mTel rig vitaminebs gaaCniaT antago-
nistebi, romelbic aferxeben maT Sewovas, maT antivitaminebs uwodeben.

yvela vitamini rTuli qimiuri nivTierebaa da saxelwodebac sxvadasxva aqvT. SemoRebulia 
maTi aRniSvna laTinuri anbanis mTavruli asoebiT. medikamentur vitaminebs xelovnurad an bio-
teqnologiis meTodebiT Rebuloben. xsnadobis mixedviT vitaminebi dayofilia or jgufad. wyalSi 
da cximSi xsnadi. vitaminebi da maTi funqciebi motanilia cxrilESi 8.7 da 8.8. 

                                                                  cxrili 8.7 
adamianisTvis aucilebeli cximSi xsnadi vitaminebis warmoqmnis wyaro da funqcia

vitaminis 
saxelwodeba da 
aRniSvna

ZiriTadi wyaro funqcia ukmarisobis niSani

A - retinoli RviZli, rZe da misi 
nawarmi, Tevzis qoni.    
mcenareebs moepovebaT 
provitamini-karotini. 
didi raodenobiTaa 
wiwmatSi, stafilosa da 
ispanaxSi

aucilebelia kanis, 
Tvalis, momnelebeli da 
suTqvis sitemis epiTe-
liumis ganviTarebi-
saTvis, Zvlebis, kbilebis 
minanqris zrdisaTvis.

viTardeba kanis da rqovanas (qse-
roftalmia) simSrale, ferxdeba 
zrda, qveiTdeba infeqciebisdmi 
gamZleoba, iwvevs bindSi xedvis 
unaris dakargvas – “qaTmis sibr-
mave”; xangrZlivma ukmarisobam 
SeiZleba sibrmavec gamoiwvios.

D - kalciferoli Tevzis qoni, kvercxis 
yviTri, rZe da misi 
produqtebi, kani, 
sadac  mzis sxivebis 
zemoqmedebiT qole-
sterolis warmoebule-
bisgan warmoiqmneba 

aucilebelia Zvlisa da 
kbilebis Camoyalibebi
saTvis, awesrigebs momne-
lebel sistemaSi kalci
umis Sewovas.

viTardeba daavadeba raqiti. misi 
niSnebia: Zvlebis zrdis darRve-
va, bavSvebSi fexebis gamrudeba, 
ConCxis araswori ganviTareba, 
Tavisa da muclis zrda, Zlie-
ri oflianoba.  zrdasrulSi-
gansakuTrebiT moxucebSi iwvevs 
osteomalacias. kalciumisa da 
fosfatebis gamodevnis gamo 
Zvali medegobas kargavs.  

E - tokoferoli RviZli, xili, mcenare
uli zeTebi.

funqcia bolomde daud-
genelia

anemia _ eriTrocitebis daSla

K - filoqinoni ispanaxi, kombosto. 
asinTezebs nawlavSi 
baqteriebi

xels uwyobs sisxlis 
Sededebas.

viTardeba sisxl Seudedeloba.
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                                                 cxrili 8.8
adamianisTvis aucilebeli wyalSi xsnadi vitaminebis warmoqmnis wyaro da funqcia

vitaminis saxelwo-
deba da aRniSvna

ZiriTadi wyaro funqcia ukmarisobis niSani

B1 - Tiamini kvercxis yviTri, 
RviZli, safuari, 
xorblisa da brinjis 
Canasaxi,  parkosan 
mcenareTa Tesli, 
wiwibura

monawileobs naxSirwylebis 
cvlaSi, procesebSi, romle
bic uzrunvelyofs nervuli 
sistemis normalur moqme
debas.

viTardeba daavadeba beri-beri. 
misi niSnebia: naxSirwylebis 
cvlis darRveva, krunCxvebi, 
kuW-nawlavis aSliloba, madis 
dakargva; xangrZlivi ukmari
sobis dros iwyeba nervebis 
gadagvareba, kunTebis ganleva, 
rasac Sedegad mosdevs dambla.

B2 - riboflavini rZe, kvercxi, safuari, 
RviZli, yveli

monawileobs nivTierebaTa 
cvlaSi sisxlis warmoqmnaSi, 
qsovilebis da wylulebis 
Sexorcebis procesSi; A vita-
minTan erTad mniSvneloba 
aqvs mxedvelobisaTvis. mona-
wileobs glukozisa da amino
mJavebis cvlaSi.

damaxasiaTebeli niSania bza-
rebi tuCis kuTxeebSi, zrdis 
Seferxeba.

B6 - piridoqsini
kvercxi, RviZli,  
Tevzi, xili.

gardaiqmneba kofermentad, 
monawileobs aminomJavebis 
metabolizmSi.

depresia da agznebadoba, ane-
mia, diarea.

B5 - pantoTenis mJava
mraval kvebiT raci
onSi.

Sedis koferment A-s 
SemadgenlobaSi da monawi
leobs ujredis meta
bolizmSi.

daRliloba, irRveva nerv-kun-
Turi koordinacia.

B3 - nikotinis mJava 
an PP

xorci, RviZli, puri, 
safuaris eqstraqti.

monawileobs koferment nad+ 
-is da nadf+ -is SenebaSi.

pelagra _ kanis gauxeSeba, 
diarea.

B12 -  ciankobalamini
xorci, rZe, kvercxi, 
Tevzi, yveli

monawileobs rnm-is sinTezSi. anemia

M an Bc - foliumis 
mJava

RviZli, TeTri Tevzi, 
mwvanileuloba

monawileobs eriTrocitebis 
warmoqmnaSi, nukleoprotei-
nebis sinTezSi.

anemia, xSirad mJRavndeba qa-
lebSi fexmZimobis dros.

H - biotini
safuari, RviZli, 
Tirkmeli.

monawileobs rogorc ko-
ferenti karboqsilirebis 
reaqciebSi, CarTulia cilis 
sinTezSi.

dermatidi, kunTebis tkivili.

C - askorbinis MmJava

citrusi-limoni, 
xili-mocxari, pomi-
dori, askili, kar-
tofili, mwvanili, 
wiwvebis nayeni.

monawileobs SemaerTebel 
qsovilSi mimdinare nivTie-
rebaTa cvlis procesSi, kanis 
normaluri struqturis 
warmoqmnaSi.

viTardeba daavadeba suravandi. 
misi niSnebia: sisxldena RrZi-
lebidan, sisxlCaqceva kanqveS, 
saxsrebSi; saxsrebis tkivili 
da SeSupeba, saerTo sisuste, 
Tavbrusxveva, sisxlnakluloba 
(daavadebis mizezis garkve-
vamde xSiri iyo sikvdilis 
SemTxvevebi).

8.8. Sard-sasqeso sistema

sasqeso da Sardgamomyofi organoebi anatomiurad dakavSirebulia erTmaneTTan. sasqeso or-
ganoebi gamravlebis funqcias asrulebs. Sardis gamomyofi organoebi sisxlidan gamoyofs nivTie-
rebaTa cvlis daSlis zogierT saboloo produqtebs SardovanasTan erTad. mamakacebsa da qalebs 
Tirkmelebi, SardsawveTebi da Sardis buSti agebulebiT msgavsi aqvT. gansxvaveba arsebobs Sardsa-
denis agebulebaSi. mamakacis organizmSi saSarde da sasqeso sistemebSi kavSiri rCeba samudamod. qa-
lis organizmSi ki saSarde aparati Tavidanve gamoyofilia sasqeso aparatisgan .
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8.8.1 Sardis warmoqmna.
Tirkmeli. Tirkmeli formiT lobios hgavs. 

adamians ori aqvs, romlebic moTavsebulia xerxem-
lis orive mxareze muclis Rrus welis areSi (sur. 
8.40). Tirkmlis wona 120 g-ia. aqvs muqi mowiTalo 
feri. marjvena Tirkmeli SedarebiT moklea da ganie-
ri, marcxena ki grZeli da viwro. sigrZe 11-12 sm-ia, 
sigane 5-6 sm, sisqe ki 3-4 sm.

Tirkmlis ZiriTad funqcias Sardis warmoqm-
na warmoadgens. Tirkmelebi organizmidan gamoyofs 
masSi warmoqmnil nivTierebaTa cvlis sxvadasxva 
produqts da garemodan organizmSi moxvedril mra-
val ucxo da Sxamian nivTierebas. monawileobs or-
ganizmSi wylis balansis, mJava-tutovani wonaswo-
robis, natriumis, kaliumis, qloris, fosforis da 
sxva mineralur nivTierebaTa balansis regulaciaSi. 
awarmoebs zogierTi qimiuri naerTis sinTezs.

Tirkmlis frontalur WrilSi or Sres arCeven: 
gareTas Tirkmlis qerqovan nivTierebas uwodeben; 
SigniTa Sres _ Tirkmlis tvinovan nivTierebas (sur. 
8.41).

qerqul nivTierebas Tirkmlis periferia uka-
via, saidanac gamodis morCebi, romlebic centrisken 
miemarTeba. isini uaxlovdeba erTmaneTs da maT Tir-
kmlis svetebs uwodeben.

tvinovani nivTiereba Sedgeba ramdenime konu-
sisebri warmonaqnisagan, romlebic Tirkmlis sve-
tebs Soris aris moTavsebuli da maT Tirkmlis pira-

midebs uwodeben. piramidebi fuZeebiT qerqiskenaa 
mimarTuli, wveriT ki _ centrisken. piramidis wvers 
dvrilis forma aqvs. amitom mas Tirkmlis dvrili da-
erqva. piramidaSi gadis saSarde milakebi, romlebic 
wvrili xvrelebiT ixsneba Tirkmlis menjis RruSi.

Tirkmels rTuli struqtura gaaCnia. mis 
struqturul-funqciur erTeuls, romelic Sardis 
warmoqmnaSi ZiriTad rols TamaSobs, nefroni ewo-
deba. adamianis TirkmelSi nefronTa raodenoba 1-1,2 
milionia. nefroni funqciuri erTeulia imitom, rom 
mas SeuZlia ganaxorcielos im procesebis mTeli 
erToblioba, romelTa Sedegad Sardi warmoiqmneba. 
nefronebi agebulebiT msgavsia (sur. 8.42). nefronTa 
Soris moTavsebulia SemaerTebeli qsovili. TiTo-
euli nefroni iwyeba patara kafsuliT, romelsac 
orkedliani finjanis forma aqvs. mis SigniT mo-
Tavsebulia kapilarebis gorgali, romelsac malpi-
gis gorgals uwodeben. kapsulis kedlebs Soris mo-
Tavsebulia Rru, saidanac iwyeba milakis sanaTuri.

kapsulis Rrudan iwyeba saSarde milaki, ro-
melsac dasawyisSi daklaknili forma aqvs. mas pir-
veli rigis daklaknili milaki ewodeba. qerqo-
van da tvinovan Sreebs Soris sazRvarze milakebi 
viwrovdeba da swordeba. Tirkmlis tvinovan SreSi 

sur. 8.40. Tirkmlis mdebareoba
1 _ Tirkmeli;
2 _ Sardsadeni;
3 _ SardsawveTi;
4 _ swori nawlavi;
5 _ qvemo Rru vena;
6 _ muclis aorta;
7 _ Tirkmlis vena.

sur. 8.41. Tirkmlis ganivi Wrili
1 _ Tirkmlis tvinovani nivTiereba; 2 _ wilT-
aSua arteria; 3 _ Tirkmlis didi fialebi; 4 _ 
Tirkmlis mcire fialebi; 5 _ Tirkmlis qer-
qovani nivTiereba; 6 _ Tirkmlis fascia; 7 _ 
Tirkmlis menji; 8 _ Tirkmlis piramidebi; 9 _ 
Tirkmlis dvrilebi; 10 _ SardsawveTi; 11 _ gor-
gali; 12 _ Tirkmlis sisxlis ZarRvebi; 13 _ cxi-
movani kafsula. 
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igi warmoqmnis henles 
maryuJs da brundeba 
ukan Tirkmlis qerqo-
van SreSi. amrigad, 
henles maryuJi Sedge-
ba aRmavali da daRma-
vali nawilebisagan.

Tirkmlis qerqo-
van SreSi an tvinovan 
da qerqovan SreTa 
sazRvarze swori mi-
laki kvlav daklaknil 
formas iRebs da war-
moqmnis meore rigis 
klaknil milaks. es 
ukanaskneli Cadis 
gamomtan sadinarSi 
_ Semkreb milakSi. 
Semkrebi milakebis mni-
Svnelovani raodenoba 
erTdeba da warmoqmnis 
saerTo gamomtan sadi-
narebs. gamomtani sadi-
narebi tvinovani Sris 
gziT gadian dvrile-
bis wverTan, romlebic 
SeWrilia Tirkmlis 
menjis RruSi. erTi ne-
fronis milakebis sa-
erTo sigrZe aRwevs 35-
50 mm.

nefronSi sisxlis gawmendis orgvari meqanizmi arsebobs _ ZiriTadi da damatebiTi. ZiriTadi 
meqanizmi or etapad mimdinareobs. pirvel etapze malpigis gorgalSi gamavali plazmis didi nawili 
ifiltreba kapilarebis kedlebSi da mas pirveladi Sardi ewodeba. pirveladi Sardi gadadis nefro-
nis kafsulebSi, iqedan ki _ nefronis milakTa sistemaSi. meore etapze, milakebSi gamavali pirve-
ladi Sardidan reabsorbirdeba wylis udidesi nawili da organizmisTvis sasargeblo organuli da 
araorganuli nivTierebebis didi raodenoba. organizmisTvis usargeblo metabolitebis ukuSewova 
ar xdeba. isini SardTan erTad gamodis organizmidan.

sisxlis gawmendis damatebiTi meqanizmi sekretoruli bunebisaa. nefronis milakebis amomfeni 
epiTeliumi usargeblo nivTierebebs sekreciis gziT, gamoyofs uSualod SardSi. Tirkmelebi uxvad 
maragdeba sisxliT. 70 kg wonis adamianis orive TirkmelSi erTi wuTis ganmavlobaSi daaxloebiT 1,2 
litri sisxli gadadis.

adamianis mier dRe-RameSi gamoyofili Sardis raodenoba farTo sazRvrebSi meryeobs da sa-
Sualod 1,5 litrs Seadgens. misi xvedriTi wona aris 1,012-1,020. Sardi Seicavs 4%-mde mkvriv nivTie-
rebebs. garemos maRali temperaturis pirobebSi, oflis Zlieri gamoyofis dros Sardis raodenoba 
mcirdeba, oflis saSualebiT wylis dakargvis gamo.

Sardis buStis Rru kunTovani organoa, romelic warmoadgens rezervuars Sardis dasagro-
veblad. misi dacla xdeba periodulad. moSardva warmoadgens rTul refleqsur aqts, romelic 
mdgomareobs Sardis buStis erTdroul SekumSvasa da modunebaSi. SardsawveTebis, Sardis buStisa 
da misi spinqterebis inervacia xorcieldeba rogorc simpatikuri, ise parasimpatikuri nervebiT, 
romlTa maregulirebeli centrebi moTavsebulia mogrZo da Sua tvinSi.

sur. 8.42. nefronis agebuleba
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8.8.2 sasqeso sistema
embionaluri ganviTarebis adreul pe-

riodSi qalis da mamakacis sasqeso organoebi 
erTnairia. momdevno periodSi xdeba sasqeso 
organoTa diferencireba da warmoiqmneba 
sqesTa gansxvaveba.

mamakacis sasqeso sistemas warmoad-
gens: saTesle jirkvlebi, maTi sadinrebi, 
danamaturi sasqeso jirkvelbi (saTesle 
buStukebi da winamdebare jirkvali) da aso 
(sur. 8.43).  

saTesle jirkvlebi moTavsebulia ka-
nis parkSi, romelsac saTesle parki ewodeba. 
saTesles sigrZe 4,5 sm-ia, wona 20-30 g-mde 
(sur. 8.44). saTesle jirkvali garedan dafa-
rulia boWkovani SemaerTebeli qsoviliT, 
romelic jirkvlis ukana kidis zemo ganyo-
filebaSi qmnis Sesqelebul, samkuTxa for-

mis sxeuls _ saTeslis Suasayars, saidanac jirkvlis sisqe-
Si miemarTeba SemaerTebelqsovilovani morCebi _ Zgideebi. 
Zgideebi jirkvals hyofs 200-300 kamerad. saTesles mila-
kebSi xdeba spermatogenezi. mamakacis sasqeso jirkvlebSi 
erTdroulad viTardeba mamakacis sasqeso ujrdebi _ sper-
matozoidebi da sasqeso hormonebi.

spermatozoidebi Sedgeba Tavis, yelisa da kudisagan. 
mas kudis talRisebri moZraobiT SeuZlia gadaadgileba. 
spermatozoidebi grovdeba saTesle buStukebSi. winamde-
bare jirkvlis mier gamoyofili masazrdoebeli siTxisa da 
spermatozoidis narevs spermas uwodeben. spermis 1 sm3 Sei-
cavs 20-60 milionamde spermatozoids.

qalis sasqeso sistemas warmoadgens: sakvercxeebi, sa-
Svilosnos milebi, saSvilosno, saSo (sur. 8.45), romlebic 

ganlagebulia menjis RruSi. sakver-
cxeebi Seicavs buStebis grovebs _ 
folikulebs.

maTSi viTardeba qalis sasqeso 
ujredebi _ kvercxujredebi. qalis 
sasqeso jirkvali _ sakvercxe mde-
bareobs mcire menjis RruSi saSvi-

 sur. 8.44. saTesle.
1 _ saTesles klaknili milakebi;
2 _ TeTri garsi;
3 _ saTesles bade;
4 _ saTesles swori milakebi;
5 _ saTesles gamomtani milakebi;
6 _ saTesles Zgidebi;
7 _ Teslis gamomtani sadinari;
8 _ saTesles danamatis Tavi;
9 _ saTesles danamatis sadinari;
10 _ saTesles danamatis sxeuli;
11 _ saTesles wilaki.

 sur. 8.45. qalis sasqeso organoebi
1 _ saSvilosnos Ziri; 2 _ saSvilosnos Rru; 3 _ saSvilosnos 
lula; 4 _ lulis foCebi; 5 _ sakvercxe; 6 _ saSvilosnos ganieri 
iogi; 7 _ saSvilosnos sxeuli; 8 _ saSvilosnos yeli; 9 _ saSvi
losnos yelis arxi; 10 _ saSo; 11 _ sakvercxis sakuTari iogi; 12 
_ saSvilosnos mrgvali iogi; 13 _ sakvercxeebis buStukisebri 
folikuli.

sur. 8.43. mamakacis sasqeso organoebi
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losnos gverdiT. mas aqvs gabrtyelebuli elifsis 
forma, xolo sigrZe daaxloebiT 3-5 sm-ia (sur. 8.46). 

sakvercxe garedan dafarulia erTSriani 
epiTeliumiT, romlis ujrdebs Soris ganlagebu-
lia mrgvali an ovaluri foremis pirveladi kver-
cxujredebi. am safarvels Canasaxovan epiTeliums 
uwodeben. sakvercxis masa ori nawilisagan Sedgeba. 
SemaerTebelqsovilovani ConCxisa da jirkvlova-
ni qerqisagan. jirkvlovani qerqi mravlad Seicavs 
pirvelad folikulebs, romlebSic viTardeba da 
mwifdeba kvercxujredi.

axalSobil gogonas sakvercxeSi 400  000 
moumwifebeli sasqeso ujredia, romelTagan 
daaxloebiT 350-500 Tu mwifdeba. sakvercxe Caflu-
lia foCisebr ZabrSi, romelic gadadis saSvilosnos 
milSi. saSvilosnos milebi ixsneba saSvilosnoSi. 
saSvilosno Rru kunTovani organoa, amofenili 
lorwovani garsiT. saSvilosnos yeli ixsneba saSo-
Si. saSoSi Sesavali mdebareobs. qalwulebs saSos 
Sesavali daxuruli aqvT SemaerTebel qsovilovani 
apkiT. mas saqalwule apki ewodeba. saSoSi Sesavlis 
gverdiT Sardsadenis milis xvrelia.

momwifebuli folikuli sakvercxis zedapirze gamoibereba, misi gareTa kedeli Txeldeba, ori 
kviris Semdeg buSti skdeba da kvercxujredi gamodis folikulidan. am process ovulacia ewodeba. 
momwifebuli kvercxujredi foCiseburi Zabris gavliT xvdeba saSvilosnos milSi, sadac mTavrdeba 
misi momwifeba. Svidi dRis ganmavlobaSi kvercxujredi saSvilosnos milis gavliT saSvilosnosken 
miiwevs.

gamskdari folikulis Rru TandaTan ivseba ujredebiT, romlebic Seicavs yviTeli feris 
cximismagvar nivTierebas da gardaiqmneba yviTel sxeulad. iqmneba Sinagani sekreciis droebiTi 
jirkvali. folikulebi yviTel sxeulTan erTad gamoimuSavebs qalis sasqeso hormonebs. yviTeli 
sxeulis hormoni aferxebs Semdegi folikulis momwifebas da saSvilosnos lorwovanas amzadebs 
Canasaxis misaRebad. Tu kvercxujredis ganayofiereba ar moxda, maSin ovulaciidan me-13-14 dRes 
yviTeli sxeuli aRar gamoyofs hormons. Secvlil pirobebSi saSvilosnos lorwovana CamoiSleba. 
lorwovanas nafleTebi sisxlTan erTad gadadis saSoSi. am periods, romelic 3-5 dRe grZeldeba, 
menstruacia ewodeba. Semdeg lorwovana aRdgeba. vinaidan ovulacia TveSi mxolod erTxel xdeba, 
menstrualuri cikli meordeba yovel Tve. is grZeldeba 20-30 dRe, ufro xSirad 28 dRe. am periodSi 
xdeba folikulis momwifeba, ovulacia, yviTeli sxeulis mier hormonis warmoqmnisa da gamoyofis 
Sewyveta. 

sur. 8.46. sakvercxe
1 _ sakvercxis pirveladi folikuli; 2 _ gamWir-
vale zona; 3 _ sakvercxis meoradi folikuli; 4 
_ TeTri garsi; 5 _ Canasaxovani epiTeliumi; 6 
_ folikulis siTxe; 7 _ sakvercxis zrdasruli 
folikuli; 8 _ sakvercxis gamskdari folikuli; 
9 _ kvercxujredi; 10 _ yviTeli sxeuli; 11 _ 
cikluri yviTeli sxeuli; 12 _ moTeTro sxeuli.
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9.1. ras Seiswavlis ekologia

sityva `ekologia~ berZnuli warmoSobisaa (oikos _ saxli, logos _ moZRvreba). ekologia Sei-
swavlis `bunebriv saxlSi~ mcxovreb yvela organizms da im pirobebs, romlebic saxls xdis sacxo-
vreblad gamosadegs, asea ganmartebuli ekologia vebsteris popularul leqsikonSi.

Tu davakvirdebiT da gavaanalizebT gamoqvabulis kedlebze SemorCenil Cveni Soreuli wina-
prebis mxatvrobis nimuSebs, davrwmundebiT, rom ekologiiT dainteresebulan jer kidev kacobrio-
bis ganviTarebis sawyis etapze.

anTropogeneZis sawyis periodSi primitiuli sazogadoebis yvela individs gadasarCenad 
unda hqonoda garkveuli warmodgena mis saarsebo garemos pirobebze. sasoflo-sameurneo revolu-
ciamde, Zils Tu ar miviRebT mxedvelobaSi, individi mTel dRes sakvebis ZiebaSi atarebda. mas unda 
eswavla samkurnalod da sakvebad gamosadeg mcenareTa Sxamianisagan garCeva. unda dakvirveboda 
cxovelTa qcevebs. zogisgan Tavi unda daecva, zogi ki moeSinaurebina da gamoeyenebina sxvadasxva 
sasargeblo miznisaTvis. gansacvifrebeli siswrafiT moxda Semgrovebel da monadire adamianTa sa-
zogadoebis civilizaciis Camoyalibeba, romelsac xeli Seuwyo sasoflo-sameurneo revoluciam _ 
miwaTmoqmedebisa da mesaqonleobis warmoSobam.

dRes adamians arseboba uxdeba samecniero-teqnikuri progresis pirobebSi. adamianTa ganu-
zomeli SemoqmedebiTi miRwevebi ganapiroba Tavis tvinSi mimdinare kogniturma SemecnebiTma pro-
cesebma. is erTaderTi saxeobaa, romelic TiTqos ar emorCileba ekologiur kanonzomierebebs da 
SeuZlia iarsebos Cveni planetis nebismier wertilSi. miuxedavad aseTi miRwevebisa, adamians ara-
sodes Seucvlia ekologiuri niSi. mas yovelTvis da yvelgan sWirdeba Jangbadi, sasmeli wyali da 
sakvebi. ekologiuri niSi aris sacxovrisi; lokaluri viwro gamijnuli adgilsamyofeli ekosiste-
maSi, romelic garemo pirobebis specifiurobis gamo masSi dasaxlebul organizmebSi iwvevs gansa-
kuTrebuli Sesaguebeli niSnebis gamomuSavebas. termini `niSi~ frangulia da qarTulad budes ni-
Snavs. ekologiuri niSi ar unda iyos gagebuli ise, TiTqos moicavs mxolod im geografiul sivrces, 
romelSic organizmebi arseboben. is asrulebs agreTve funqciur rols. organizmebi erTmaneTTan 
dakavSirebuli arian kvebiT.

mecnierulad termini `ekologia~ pirvelad 1866 wels gamoCenilma germanelma zoologma 
ernst hekelma gamoiyena cxovelTa mimarT Tavis kapitalur naSromSi `organizmTa zogadi morfo-
logia~. igi ekologias ganmartavs, rogorc biologiis dargs, romelic swavlobs organizmTa gare-
mos faqtorebTan urTierTobas. analogiuri mniSvnelobiT `ekologia~ botanikaSi gamoiyena 1895 w. 
e. varmingma.

ekologiur kvlevebSi aqtiurad Caebnen botanikosebi da zoologebi. amasTanave ekologiur 
kvlevebSi aucilebeli gaxda genetikosebis, eTologebis, bioqimikosebisa da fiziologebis mona-
wileoba. biologiuri kvlevis sxvadasxva sferoSi miRebuli Sedegebis interpretacia unda ganxor-
cieldes Tanamedrove evoluciis sinTezuri Teoriis safuZvelze. 

ekologia, rogorc mecniereba Camoyalibda XX saukunis pirvel naxevarSi. arsebobs ekologiis 
sxvadasxvanairi ganmarteba. popularuli gaxda ekologiis Semdegi definicia: ekologia biologiis 
dargia, romelic Tanasazogadoebis doneze swavlobs calkeuli individebisa da populaciebis ur-
TierTdamokidebulebas maT garemomcvel faqtorebTan erTad.

garemomcvel garemoSi igulisxmeba fiziko-geografiuli kompleqsi klimaturi faqtorebis 
CaTvliT, romlebic cocxal organizmebze moqmedebs. Tavis mxriv cocxali organizmebi zemoqmede-
ben garemoze. cocxal organizmTa da garemos komponentTa erToblioba warmoadgens ZiriTad piro-
bas mikroorganizmTa, mcenareTa, cxovelTa da maT Soris adamianTa ganviTarebisaTvis.

kacobriobis ganviTarebis Tanamedrove etapze gansakuTrebuli mniSvneloba eniWeba adamianis 
praqtikul saqmianobas. adamiani Tavis gaCenis dRidan aqtiurad iWreba istoriulad Camoyalibebul 
saarsebo garemoSi. optimaluri gzebis arCeva dedamiwis produqtiulobis gazrdis mizniT da meur-
neobis perspeqtiuli dagegma biologiuri mimarTulebiT Txoulobs ekologiur codnas. es procesi 
sqematurad ase SeiZleba warmovidginoT (sur. 9.1).

XX saukunis meore naxevarSi ekologiuri problematika gafarTovda da SeiWra Cveni cxovrebis 
sxvadasxva sferoSi. Seiqmna `adamianis ekologia~, `samrewvelo ekologia~, `satransporto ekolo-
gia~, `soflis meurneobis ekologia~, `socialuri ekologia~ da sxv.

aRsaniSnavia is garemoeba, rom ekonomika warmoiqmna imave Ziridan, rogorc ekologia. ekono-
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mika niSnavs saojaxo meurneobis marTvas. 
bunebrivia, ekologia da ekonomika mWi-
dro kavSirSia. ekologiuri problema-
tika sworad unda daregulirdes ekono-
mikurad.

popularuli gaxda gamoTqma `kul-
turis ekologia~, romlis mizania Seinar-
Cunos an monaxos gzebi aRdgenis im kul-
turuli garemosi, romelic Seqmnilia 
kacobriobis mier istoriulad. aseTi 
gzebis Zieba niSnavs adamianTa humanita-
rul ganaTlebas. ganaTlebuli adamiani gaufrTxildeba da ar daazianebs ekologiur landSaftebs. 
landSafti aris dedamiwis zedapiris nawili, romlisTvisac damaxasiaTebelia reliefis, havis, nia-
dagis, mcenareulobis, cxovelebis garkveuli Sexameba da gansxvaveba sxva nawilebisagan.

9.2. ekologiuri faqtorebi 

garemo pirobebi dadebiT an uaryofiT gavlenas axdens cocxal organizmTa arsebobaze. gare-
mos pirobebzea damokidebuli agreTve Cvens planetaze organizmTa geografiuli ganaxleba. amitom 
garemos saarsebo pirobebi ganixileba, rogorc ekologiuri faqtorebi. ekologiuri faqtorebi 
mravalferovania rogorc Tavisi bunebiT, ise organizmebze moqmedebis xasiaTiT. zogi ekologiuri 
faqtori pirdapir moqmedebs organizmze, zogi ki _ iribad. TviTon organizmebi reagireben ekolo-
giur faqtorTa zemoqmedebaze da maT anatomiur da fiziologiur Semguebelobani umuSavdebaT. Zi-
riTad ekologiur faqtorTa nusxa naCvenebia 9.1 cxrilSi. rogorc am cxrilidan Cans, ekologiuri 
faqtorebi dayofilia sam jgufad: abioturi (aracocxali), bioturi (cocxali) da anTropogenuri 
(adamianuri).

•	 abiotur faqtorebad iTvleba aracocxali bunebis is klimaturi, reliefuri da niadagis 
pirobebi, romlebSic arseboba uxdeba cocxal organizmebs. abioturi faqtorebi gavlenas 
axdens organizmis, populaciisa da bunebrivi Tanasazogadoebis mdgomareobasa da Tvise-
bebze.

•	 biotur faqtorebad iTvleba cocxal organizmTa erTmaneTze nebismieri zemoqmedeba. ma-
galiTad, mwerebis mier mcenareebis damtverva, mtacebloba, simbiozi, parazitizmi da sxv. 
bioturi urTierTdamokidebulebani rTuli da gansxvavebuli bunebisaa. is SeiZleba iyos 
pirdapiric da iribic.

•	 anTropogenur faqtorad iTvleba adamianis moqmedebis yvela is forma, romelic iwvevs 
garemos cvlilebebs.

cocxal organizmTa saarsebo garemoSi dabinZurda mdinareebi, tbebi da zRvebi, mcirdeba 
tyis masivebi da farTovdeba udabnos sazRvrebi. atmosferoSi katastrofulad mcirdeba Jangbadis 
Semcveloba. brakonierebi spoben cxovelebs. saarsebo garemoze adamianTa aseTma zemoqmedebam isev 
adamians gauCina didi Tavsatexi, man unda izrunos Seqmnili pirobebis gamosworebisaTvis da Semd-
gomi dacvis mizniT miiRos saTanado gadawyvetilebebi.

cxrili 9.1.
ekologiuri faqtorebi

abioturi bioturi anTropogenuri

klimaturi: sinaTle, temperatura, tenianoba, 
haeris moZraoba, wneva.
qimiuri: haeris gazuri Semadgenloba, wylis mari-
lianoba da mJavianoba.
niadagi: humusi, sakvebi elementebis Semcveloba, 
struqtura.
reliefi: simaRle zRvis donidan, daxris eqspozi-
cia. radiacia, dedamiwis magnituri veli.

fitogenuri: mcenareebi.
zoogenuri: cxovelebi.
mikroorganizmuli: viru-
sebi, baqteriebi, umarti-
vesebi.

adamianis is moqmede-
ba, romelic gavlenas 
axdens abiotur da 
biotur faqtorebze.

bunebaSi yoveli saxeoba evoluciis procesSi egueba ekologiuri faqtorebis garkveul cvli-
lebebs da Tavis mxriv zemoqmedebas axdens garemoze. magaliTad, mcenareuli safari gavlenas axdens 
garemos temperaturaze, cvlis niadagis struqturasa da mis qimiur Semadgenlobas. populaciaze 
ekologiuri faqtorebis zegavlena mis SemadgenlobaSi Semaval individTa ricxvisa da saarsebo 
arealis sazRvrebis cvlilebebSi vlindeba.

sur. 9.1. urTierToba sazogadoebasa da garemos Soris
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tolerantoba. bunebrivia orga-
nizmebs, romlebic arseboben konkretul 
saarsebo pirobebSi umuSavdebaT speci-
fiuri SeguebiTi niSnebi. organizmebi 
Segueblobis gansxvavebul toleranto-
bas amJRavneben, termini `tolerantoba~ 
laTinuridan Semovida da qarTulad _ 
momTmens niSnavs.

ekologiuri faqtoris intensivobis 
raodenobrivi mniSvnelobis gavlenis zo-
gadi sqema naCvenebia meore suraTze (sur. 
9.2). faqtorTa aseT gamosaxulebas tole-
rantobis mruds uwodeben. faqtoris im 
intensivobas, romelic yvelaze xelsayre-
lia cxovelmoqmedebisaTvis, optimaluri 
intensivoba anu optimumi ewodeba. rac 

ufro metad gadaixreba faqtoris mniSvneloba, optimaluri sididan rogorc daqveiTebis, ise amaR-
lebis mimarTulebiT, miT Zlier ecema organizmis cxovelmoqmedeba. sazRvrebs, romelTa iqiT or-
ganizmis arseboba SeuZlebelia, gamZleobis qveda da zeda zRvari ewodeba. yoveli saxeobisTvis ama 
Tu im faqtoris optimaluri mniSvneloba gansxvavebulia.

erTi da imave ekologiuri faqtoris zemoqmedeba sxvadasxva populaciaze araerTgvarovnad 
vlindeba (sur. 9.3). suraTze gamosaxuli mrudebis gaSliloba miuTiTebs tolerantobis diapazonis 

sidideze. viwro mrudi imis maCvenebelia, 
rom am populaciis normaluri arsebobis 
pirobebi SezRudulia. mrudi Tu gaSli-
lia, is populaciis tolerantobis maRal 
doneze miuTiTebs. aseT populacias moce-
muli faqtorisadmi kargi Seguebis unari 
gaaCnia.

libixis kanoni. aRsaniSnavia is ga-
remoeba, rom erTi ekologiuri faqtoris 
zemoqmedeba organizmze izolirebulad 
ar mimdinareobs. organizmi yovelTvis 
imyofeba mraval faqtorTa erTdroul 
moqmedebis pirobebSi. niadagSi Tu sakmao 
raodenobiTaa azoti, fosfori da sxva mi-

neraluri nivTierebebi, magram kaliumi ar aris sakmarisi, mcenare normalurad viTardeba manamde, 
sanam arsebobs kaliumi. kaliumis gamolevis Semdeg ki mcenare wyvets ganviTarebas an kvdeba. amgvar 
faqtebs yuradReba miaqcia u. libixma da wamoayena ekologiuri minimumis principi, romelsac mis 
sapativcemulod libixis kanoni ewoda. kanonis arsi mdgomareobs imaSi, rom organizmis amtanobasa 
da cxovelmoqmedebas gansazRvravs iseTi ekologiuri faqtoris xarisxi, romelic axloa im mini-
mumTan, romelic aucilebelia organizmisTvis. faqtori minimumTan SedarebiT Tu daqveiTdeba, ga-
moiwvevs organizmis sikvdils an ekosistemis normaluri struqturis moSlas _ destruqcias.

mogvianebiT ekologiuri minimumis principi anu libixis kanonis arsi gafarTovda da ekolo-
gebma wamoayenes `limitirebul faqtorTa~ cneba. limiti aris norma, romlis farglebSic SeiZleba 
risame xarjva an rameTi sargebloba. Teoretikos-ekologebma libixis ekologiur minimums dauma-
tes maqsimumis principi. organizmebi iRupebian ara marto faqtoris minimalur doneze dabal ga-
remoSi, aramed faqtoris zeda zRvars gadametebul pirobebSic. amitom saxeoba da populacia ar-
sebobs da mravldeba mxolod limitirebul faqtorTa intensivobis qveda da zeda zRvrebs Soris. 
limitirebul faqtorTa principi vrceldeba yvela tipis cocxal organizmebze da moicavs rogorc 
abiotur, ise biotur faqtorebs. 

9.3. abioturi faqtorebi.

sinaTle. mzis gamosxiveba aris energiis ZiriTadi wyaro yvela im procesisTvis, romelic de-
damiwaze xdeba. dedamiwamde mosuli mzis energia ganawilebulia Semdegnairad: 33% airekleba Rru-
blebiT da atmosferos mtvriT, 67% STainqmeba atmosferoSi xmeleTis zedapirisa da okeanis mier. 
dedamiwamde moRweuli mzis energiis mxolod 1% xmardeba fotosinTezs. danarCeni aTbobs atmo-

sur. 9.2. ekologiuri faqtoris zemoqmedeba organizmze

sur. 9.3. sxvadasxva saxeobis (1, 2, 3) tolerantobis diapazoni 
erT romelime konkretul ekologiur faqtorze
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sferos, xmeleTsa da okeanes. agreTve ganibneva kosmiur sivrceSi siTburi (infrawiTeli) gamosxive-
bis saxiT. gamodis, rom dedamiwamde moRweuli mzis energiis 1% savsebiT sakmarisia arsebuli mTeli 
cocxalis dasakmayofileblad.

mzis gamosxivebis biologiuri moqmedeba sxvadasxvagvari da ganpirobebulia misi speqtruli 
SemadgenlobiT, intensivobiT da, agreTve, ganaTebis dReRamuri da sezonuri periodulobiT. mzis 
gamosxivebis speqtrSi gamoiyofa biologiuri moqmedebiT gansxvavebuli sami are: ultraiisferi, 
xiluli da infrawiTeli.

ultraiisferi sxivebi, romelTa talRis sigrZe 0.290 mkm-ze naklebia, damRupvelad moqmedebs 
yvela cocxal arsebaze. sicocxle dedamiwaze mxolod imitom aris SesaZleb,eli rom am mokletal-
Rian gamosxivebas akavebs atmosferos ozonis Sre. dedamiwis zedapirze aRwevs mxolod ufro grZeli 
ultraiisferi sxivebis (0.300 _ 0.400 mkm) mcire nawili. maT maRali qimiuri aqtivoba axasiaTebs da 
didi dozebis SemTxvevaSi SeuZlia cocxali ujredebi daazianos. mcire doziT ultraiisferi sxi-
vebi aucilebelia adamianisa da cxovelebisaTvis. kerZod, isini xels uwyobs organizmSi D vitaminis 
warmoqmnas. zogierTi cxoveli, magaliTad, mwerebi mxedvelobiT arCeven ultraiisfer sxivebs. 

xiluli sxivebis gavlenas, romelTa talRis sigrZe 0.400-dan 0.750 mkm-mdea, romelTa wilad 
modis dedamiwis zedapiramde moRweuli mzis gamosxivebuli energiis didi nawili, gansakuTrebiT 
didi mniSvneloba aqvs organizmebisaTvis. 

mwvane mcenareebi asinTezeben organul nivTierebas, maSasadame, sakvebsac yvela danarCeni or-
ganizmisTvis speqtris swored am nawilis energiis xarjze.

miuxedavad amisa, zogierTi cxovelisa da uqlorofilo mcenaris arsebobisaTvis sinaTle ar 
aris aucilebeli piroba. niadagis, mRvimeebisa da Rrma wylebis bevri saxeoba Seguebulia sruli 
sibnelis pirobebSi sococxles. cxovelTa didi umravlesobisaTvis xiluli sinaTle garemos erT-
erTi mniSvnelovani faqtoria.

cxovelTa umravlesoba kargad arCevs sinaTlis speqtrul Sedgenilobas, e. i. aqvs ferTa xed-
va. cxovelebSi sxvadasxva Seferilobis ganviTarebasTan erTad mxedvelobac umjobesdeboda, rac 
exmareba maT mtrebisagan Tavis daRwevisa da Tavisive saxeobis individTa gamocnobaSi. mcenareebSi 
gaCnda mkafio Seferilobis yvavilebi, romlebic izidavs dammtveravebs, ramac gaadvila jvaredini 
damtverva. 

0.750 mkm sigrZis talRis mqone infrawiTeli sxivebi, romlebic adamianis TvalisaTvis uxila-
via, siTburi energiis mniSvnelovani wyaroa. am sxivebiT gansakuTrebiT mdidaria mzis pirdapiri si-
naTle. am grZeltalRiani gamosxivebis STanTqmis Sedegad cxovelTa da mcenareTa qsovilebi Tbeba. 
bevri civsisxliani cxoveli (xvlikebi, gvelebi, mwerebi) mzis sinaTles sxeulis temperaturis asa-
maRleblad iyenebs.

sinaTlis pirobebs bunebaSi mkveTrad gamoxatuli dReRamuri da sezonuri perioduloba axa-
siaTebs, rac dedamiwis brunviTaa ganpirobebuli.

ganaTebis dReRamur ritmTan dakavSirebiT, cxovelebs warmoeqmnaT mravalricxovani Segue-
buloba dRisa da Ramis sasicocxlo nirisadmi. yoveli saxeobis aqtivoba dRe-Ramis gansazRrul sa-
aTebs emTxveva. dRe-Ramis gansazRvrul saaTebSi bevr mcenares eSleba yvavilebi, xolo zogierTs 
emCneva foTlebis dReRamuri moZraoba (magaliTad, zogierT parkosans). mcenareebsa da cxoveleb-
Si TiTqmis yvela fiziologiur process aqvs dReRamuri ritmi, maqsimumiTa da minimumiT gansazR-
vrul saaTebSi.

temperatura. mravali saxeoba Seguebulia temperaturis diapazonis patara cvlilebas. zo-
gierTi organizmi gansakuTrebiT mosvenebis stadiaSi itans dabal temperaturas. magaliTad, zo-
gierTi mikroorganizmi uZlebs temperaturis dawevas -2000C. zogierTi baqteria da wyalmcenare 
mravldeba +880C.

organizmSi mimdinare yvela qimiuri procesi damokidebulia temperaturaze. amitom bunebri-
via, rom siTburi pirobebis didi cvlilebebi, romlebic bunebaSi xSirad SeiniSneba, did gavlenas 
axdens cxovelTa da mcenareTa zrdaze, ganviTarebisa da cxovelqmedebis sxva gamovlinebebze. gare 
temperaturaze aseTi damokidebuleba gansakuTrebiT aSkaradaa gamoxatuli im organizmebSi, rom-
lebsac ar SeuZliaT sxeulis mudmivi temperaturis SenarCuneba, e. i. yvela mcenaresa da cxovelTa 
umravlesobaSi frinvelebisa da ZuZumwovrebis garda, xmeleTis mcenareTa da cxovelTa didi ume-
tesoba aqtiuri cxovelqmedebis mdgomareobaSi ver itans uaryofiT temperaturas da iRupeba.

gamZleobis zeda temperaturuli zRvari erTnairi ar aris sxvadasxva saxeobisaTvis, magram 
iSviaTad aRemateba 40-450C. saxeobaTa mxolod mcire ricxvia Seguebuli SedarebiT maRali tempe-
raturis pirobebSi sicocxles. ase magaliTad, cxel wyaroebSi zogierTi moluski cocxlobs wylis 
530C-mde temperaturis pirobebSi, lombuzebis larvebi -60C-is dros, xolo zogierTi -70 -900C tem-
peraturaze.

optimaluri temperatura damokidebulia im pirobebze, romlebSic saxeoba binadrobs da ro-
melsac is Seegua bunebrivi gadarCevis safuZvelze wina evoluciis ganmavlobaSi. xmeleTis cxovel-
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Ta didi nawilisa da mcenareebisaTvis igi sakmaod viwro farglebSi (15-300C) meryeobs.
organizmebSi, romlebsac sxeulis aramudmivi temperatura aqvT, garemos temperaturis aweva 

maTi fiziologiuri procesebis: nivTierebaTa cvlis, zrdis, ganviTarebisa da sxv., aCqarebas iwvevs. 
amitom gansazRvrul farglebamde, rac ufro maRalia temperatura, miT ufro mcirea dro, rome-
lic saWiroa calkeuli stadiis an mTeli sasicocxlo ciklis gansaviTareblad. 

Tu cdebis saSualebiT davadgenT sxvadasxva temperaturaze mocemuli saxeobis mcenaris an 
cxovelis ganviTarebis xangrZlivobas, maSin SeiZleba sakmao sizustiT ganvsazRvroT bunebriv vi-
TarebaSi ganviTarebis mosalodneli vadebi.

evoluciis procesSi frinvelebsa da ZuZumwovrebs gamoumuSavdebaT Termoregulaciis anu 
TavianTi sxeulis mudmivi temperaturis SenarCunebis unari. es metad mniSvnelovani Seguebaa, ro-
melmac uzrunvelyo garemos Termuli pirobebisagan umaRlesi cxovelebis damoukidebloba, e. i. 
maT SeiZines sxvadasxva temperaturis dros aqtiuri arsebobis unari. frinvelTa umetes nawils 
sxeulis temperatura 400C ramdenadme maRali aqvs, xolo ZuZumwovrebs _ ramdenadme dabali. igi 
SenarCunebulia yovelTvis mudmiv doneze garemos temperaturis meryeobis miuxedavad. 

garemos cvalebad pirobebSi cxovelTa arsebobisaTvis mniSvnelovania ara marto Termoregu-
laciis unari, aramed qcevac, SedarebiT xelsayreli temperaturis mqone adgilebis SerCeva, aqti-
voba dRe-Ramis gansazRvrul dros, specialuri TavSesafarisa da budeebis ageba.

tenianoba. wyali uaRresad mniSvnelovan rols asrulebs organizmis cxovelqmedebaSi. ami-
tom wylis raodenobis sakmaod mudmiv doneze SenarCuneba yoveli organizmis erT-erTi ZiriTadi 
fiziologiuri funqciaa.

xmeleTis organizmisaTvis tenianobis, rogorc ekologiuri faqtoris roli, imiTaa ganpirobe-
buli, rom naleqebi (Sesabamisad haerisa da niadagis tenianoba) dedamiwis zedapirze wylis ganmavlo-
baSi Zalian araTanabrad nawildeba. radgan xmeleTis cxovelTa da mcenareTa umetesoba tenis moyva-
rulia, amitom tenianobis nakleboba xSirad zRudavs maT cxovelmyofelobasa da gavrcelebas.

evoluciis procesSi organizmebs gamoumuSavdaT sxvadasxva Seguebuloba tenis ekonomiu-
rad dasaxarjad da garemodan mis mosapoveblad (udabnosa da naxevrad udabnos, agreTve gvalviani 
stepebis mcenareebi da cxovelebi), wlis gvalvian periodSi fiziologiuri svenebis mdgomareobaSi 
gadasasvlelad da sxv. magaliTad, udabnos mravalwlian mcenareebs aqvT mZlavrad ganviTarebuli 
fesvebi, romlebic zogjer Zalian grZelia (cercvelas fesvi 16 metramdea) da tenian fenas aRweven, 
an Zalze datotianebulia.

udabnos mTel rig mcenareSi SeirCeva foTlis safarveli qsovilis gasqeleba, xolo mcenaris 
zedapirze cvilis fenis an Sebusulobis ganviTareba, agreTve foTlis firfitis Semcireba da foT-
lebis eklebad gadaqceva, xSirad ki foTlebis sruli dakargva (saqsauli, juzRuni, ialRuni da sxv.). 
yovelive es xels uwyobs wylis aorTqlebis Semcirebas.

udabnos zogierTi cxoveli gamoirCeva swrafi da xangrZlivi sirbilis unariT, rac maT wylis 
dasalevad Soreuli migraciis saSualebas aZlevs (kulani, aqlemi, antilopa, qurciki, saiga). udab-
nos cxovelTa umravlesobas SeuZlia sasmeli wylis gareSe gaZlos. mRrRnelebi, qvewarmavlebi, mwe-
rebi da sxva wvrili cxovelebi wyals sakvebidan Rebuloben. zogierT cxovels wyali organizmSi 
warmoeqmneba daJangviTi reaqciebis Sedegad. aseT wyals didi raodenobiT iZleva cximis daJangva 
(100-110g wyali 100g cximze). amitom udabnos bevri binadarisaTvis damaxasiaTebelia cximis Warbi 
maragi, romelic maT organizmSi wylis Taviseburi rezervia. aseTia, magaliTad, aqlemis kuzi, mRr-
RnelebSi kanqveS cximis dagroveba. aorTqlebis gziT wylis dakargvisagan cxovelebs icavs sxeulis 
naklebad SeRwevadi gareTa safarveli. mniSvnelovan rols asrulebs agreTve qcevis Tavisebureba-
ni: udabnos mkvidrTa umetesoba gaurbis rogorc sxeulis gadaxurebas, ise haeris gamomSrob moqme-
debas da Ramis cxovrebis nirze gadadis an soroebSi imaleba.

tenis naklebobisadmi sxva tipis Seguebani gamoumuSavda bevr mcenaresa da cxovels, romlebic 
iseT adgilebSi binadroben, sadac simSrale periodulia. maT gamoumuSavdaT fiziologiuri svene-
bis gansakuTrebuli mdgomareoba, romlisTvisac damaxasiaTebelia zrdisa da ganviTarebis SeCere-
ba, nivTierebaTa cvlis mkveTri daqveiTeba, xolo cxovelebSi met-naklebi sisruliT mamoZravebeli 
aqtivobisa da kvebis Sewyveta. udabnos zogierTi mRrRneli ki cxeli da mSrali periodebis dadgo-
misTanave, roca mcenareuloba gadaiwveba, zafxulis Zils eZleva, rac ramdenime Tves grZeldeba.

mravalwlian mcenareebSi zafxulis svenebis mdgomareobas xSirad Tan axlavs foTolcvena an 
miwiszeda nawilebis sruli kvdoma, rac udabnos bevri mcenarisaTvis aris damaxasiaTebeli.

niadagi giganturi ekologiuri sistemaa. igi msoflio okeanesTan erTad gavlenas axdens mTel 
biosferoze. niadagi aqtiur rols TamaSobs bunebaSi nivTierebaTa da energiis cvlaSi. monawileobs 
atmosferos airovani Semadgenlobis mdgradobaSi.

niadagi dedamiwis qerqis zeda fenaa. warmoqmnilia liTosferos zeda Srisagan wylis, haeris, 
klimaturi faqtorebis, cocxali da mkvdari organizmebis, agreTve dedamiwis gravitaciuli velis 
erToblivi moqmedebiT. niadagis Camoyalibeba rTuli da xangrZlivi procesia. damoukidebelia re-
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liefis da geologiur Taviseburebebze. erTi santimetri sisqis niadagis warmoqmnas xSirad aseuli 
wlebi sWirdeboda. niadagis warmoqmna dawyebulia 450 milioni wlis winaT. es is periodia, rodesac 
pirveladi okeanedan organizmebi xmeleTze iwyeben gamosvlas.

sxvadasxva fizikur-geografiuli pirobebis niadagis Semadgenloba da Tvisebebi gansxvavebu-
lia. gansxvavebulia niadagis calke fenebic. niadagis vertikalur WrilSi mkafiod gamoiyofa ram-
denime horizontaluri fena, rasac niadagis profili hqvia. niadagis profili oTx zoniania. zeda 
fena (15-20 sm siRrmemde) gamoirCeva Tavisi muqi moSao feriT. mas humusis zona ewodeba. humusi xels 
uwyobs niadagis sifxvieris SenarCunebas da wylis dakavebas, romelic pirobiT aRiniSneba A-Ti (aku-
mulaciis fenaa), meore fena gardamavalia humusiansa da mesame fenas Soris. misi pirobiTi niSania 
B. gamorecxvis fenaa, misi sisqe meryeobs 20-30 sm farglebSi anu zedapiridan 35-50 sm simaRlemde. 
meore fenas ufro Rrmad mopoveba niadagis Carecxvis horizonti, romelic vrceldeba 80-100 sm 
siRrmemde. mesame fenis qveS moTavsebulia meoTxe qvefenili. niadagis oTx horizontad danawileba 
pirobiTia. zogierT niadagSi meoTxe zona arc arsebobs. horizontalur fenaTa sisqec cvalebadia. 
vake adgilze niadagis sisqe metia, vidre ferdobze. niadagis sisqis qveS igulisxmeba umTavresad 
fxvieri masis sisqe, rac damokidebulia niadagis ganviTarebis xarisxze. Zlier Camorecxil niada-
gebs SeiZleba arc es horizontebi hqondes da zedapirze iyos gaSiSvlebuli TiTqmis dauSleli 
qani.

XX saukunis 80-ian wlebSi daxnuli da damuSavebuli iyo 1.5 miliardi heqtari niadagi, rome-
lic Seadgens 10.8%-s mTeli potenciurad gamosayenebel farTobs dedamiwis xmeleTisas. ekologi-
is problemas warmoadgens niadagis bunebis swori gageba, misi Semadgeneloba-Tvisebebis Sesabamisad 
racionaluri gamoyeneba da im RonisZieaTa dadgena da gatareba, romelTa saSualebiT SesaZlebelia 
niadagis maRali efeqturi nayofierebis miRweva.

garemos marilianoba. garemos abiotur faqtorebs miekuTvneba wylisa da niadagis marilia-
noba. garemos marilianobas uaRresad didi mniSvneloba aqvs iseTi cxovelebisaTvis, romelTa saar-
sebo garemos wyali warmoadgens.

yvelaze marilian wyalsacavad miiCneoda mkvdari zRva, romlis erTi litri wyali Seicavs 340 
gram marils. aRmoCnda, rom afrikul respublika jibutSi arsebul asalis tbaSi erTi litri wyali 
Seicavs 400 gram marils.

okeanis wylis marilianoba 3,5 %-ia, SedarebiT dabalia marilianoba baltiis, Sav, azovis, 
kaspiis da CrdiloeTis zogierT zRvebSi, aq marilainoba 1,8 _ 0,5%-ia. okeaneebisa da SedarebiT 
nakleb mariliani zRvebis fauna SesamCnevad gansxvavdeba erTmaneTisagan. ase magaliTad, kaspiisa 
da baltiis zRvebSi gavrcelebuli cxovelTa bevri saxeoba okeanis wylebSi ar gvxvdeba. SedarebiT 
naklebadaa gavrcelebuli es saxeobebi mtknar wylebSic.

gansakuTrebiT mkveTrad gansxvavdeba erTmaneTisagan okeaneebisa da mtknari wylebis fauna. 
mtknar wylebSi gavrcelebul saxeobaTa umetesobas okeanis wyalSi arseboba ar SeuZlia da piriqiT. 
mxolod zogierT Tevzebsa da kibosnairebs Tavisi sicocxlis sxvadasxva periodSi SeuZliaT iar-
sebon rogorc mlaSe, aseve mtknar wyalSi, magaliTad, samnemsa maxaTas SeuZlia arseboba rogorc 
mtknar wyalSi, ise mlaSe tbebsa da zRvebSic ki. iseT Tevzebs, romlebic sicocxlis umetes nawils 
zRvaSi atareben, xolo qviriTis dasayrelad zRvidan mdinareebSi Sedis, gamsvleli Tevzebi ewode-
ba. maT ricxvs miekuTvneba sxvadasxva zuTxisebri da oragulisebri Tevzi, zogierTi qaSayi da sxv.

garemos marilianobis didi mniSvneloba aqvs agreTve baqteriebisa da mcenareebisaTvis _ zo-
gierT baqterias arseboba SeuZlia mxolod sufris marilis gajerebul xsnarebSi, zRvis wyalmcena-
reebs ar SeuZlia arseboba mtknar wylebSi da piriqiT.

xmeleTis mcenareebisaTvis uaRresad didi mniSvneloba aqvs niadagis marilianobas. umaRles 
mcenareTa mxolod mcire nawilia Seguebuli niadagis maRal marilianobas da izrdeba iseT niada-
gebze, romelTa marilianoba 1-2%-ia, aseT mcenareebs halofitebi ewodebaT /halos berZnulad 
marils niSnavs, fitos _ mcenares/. halofitebis umetesobas, sxva mcenareebTan SedarebiT, gamo-
muSavebuli aqvT sxvadasxva Seguebulobani, magaliTad, maT axasiaTebT gazrdili sicxegamZleoba, 
Secvlilia maTi wylis reJimic. halofitebis ujredebSi daqveiTebulia protoplazmis ganvladoba 
marilebisaTvis. isini kidev sxva mravali niSan-TvisebiT gansxvavdebian sxva mcenareebisagan.

halofitebis warmomadgenelia mcenare xurxumo. igi erTwliani balaxovani mcenarea, misi si-
maRle 10-30 sm-ia. xurxumo dasaxsrulia da niadagidan Sewovili marilebis Warb raodenobas saxsreb-
Si agrovebs. periodulad mas es saxsrebi scviva da ase Tavisufldeba mcenare marilebisagan. mlaSe 
niadagebze izrdeba mcenare Soqornis cocxi. mas foTlebi fesvebTan axlos aqvs ganlagebuli. cxel 
mzian dReebSi foTlebze SeimCneva TeTri nafifqi, es Warbi marilebia, romlebic foTlebis zeda-
pirze gansakuTrebuli jirkvlebis saSualebiT gamoiyofa. Semdeg ki wvimis wyliT Camoirecxeba.
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9.4. populaciis ekologiuri daxasiaTeba

populacia saxeobisa da evoluciis elementaruli erTeulia. populaciis ekologiur daxa-
siaTebas axdenen: dakavebuli teritoriiT – arealis monakveTiT, ricxovnobiT, asakobrivi da sqe-
sobrivi SemadgenlobiT, aseve populaciis dinamikiT. 

yovel populacias saxeobis gavrcelebis arealSi garkveuli teritoria uWiravs da aqvs si-
vrcobrivi struqtura. nebismier teritoriaze sasicocxlo resursebi SezRudulia da individTa 
mxolod gansazRvrul raodenobas SeuZlia arseboba. SeiZleba populaciam areali ganavrcos, ma-
gram man axali teritoria unda aiTvisos. es im SemTxvevaSia SesaZlebeli, Tu teritoria populaciis 
aucilebeli niSi gaxdeba. dakavebuli teritoriiT – arealiT gansxvavdebian rogorc sxvadasxva, ise 
erTi da imave saxeobis populaciebi. mag., mardi xvlikis (Lacerta agilis) erTma populaciam SeiZleba 
0,1-dan ramdenime aTeul heqtaramde teritoria daikavos*; wylis memindvriam (rvicola terrestris) - 1-dan 
ramdenime aTeul heqtaramde. 

nebismier populacias yovelTvis axasiaTebs individTa individuri gadaadgilebis speqtri. 
individTa nawili mudmivad rCeba gaCenis adgilze, nawili ki sxvadasxva manZiliT gadaadgildeba. 
arealis sidide mniSvnelovnad aris damokidebuli individTa gavrcelebis xarisxze – individur 
anu reproduqciuli aqtivobis radiusze. Tu aseTi radiusi mcirea, maSin populaciis arealic mci-
rea da piruku. mag., Txunelas (Scapanus townsedi) reproduqciuli aqtivobis radiusi 300 m-ia, Cveu-
lebrivi meliis (Vulpes vulpes) _ 100000 m, mardi xvlikis _ 200 m. mcenareebSi reproduqciuli aqti-
vobis radiusi ganisazRvreba im manZiliT, romelzec vrceldeba mtvris marcvlebi, Tesli, sporebi 
an gamravlebis unaris mqone vegetatiuri nawilebi. 

umetes SemTxvevaSi trofuli da reproduqciuli (teritoria, romelzec individi mravldeba) 
areali erTmaneTs ar emTxveva. mag., oraguli zRvaSi binadrobs, xolo maTi tofoba mdinareebSi mim-
dinareobs. mimomfren frinvelebs didi trofuli areali aqvs, xolo reproduqciuli ki mcire. mag., 
TeTri wero (Ciconia ciconia) zafxuls evropaSi atarebs, xolo zamTrobs afrikaSi. igi monogamuri 
frinvelia da TiToeuli wyvili evropaSi Tavis Zvel budes ubrundeba. marTalia, zamTrobisas mra-
vali forma erTmaneTs ereva, magram gamravlebisas mcire teritoria ukavia. 

ricxovnoba (individTa raodenoba konkretul teritoriaze) populaciis mniSvnelovani ma-
xasiaTebelia. populaciis arealis farTobis Sesabamisad ricxovnoba mniSvnelovnad SeiZleba Sei-
cvalos. normalur pirobebSi nebismier populacias ricxovnobis specifikuri sidide gaaCnia. mag., 
Tbilisis midamoebis teritoriaze mobinadre Cveulebrivi tritonis ricxovnoba aseulidan 1500-
mde individs Seadgens, xolo savarcxliani tritonisa ramdenime aTeuls ar aRemateba. mwerebisa da 
zogierTi mcire zomis mcenareTa populaciebSi individTa ricxovnoba zogjer aTeul aTass da ram-
denime milionsac aRwevs. populaciis ricxovnobas ukavSirdeba minimaluri ricxovnobis problema. 
minimaluri ricxovnoba es is zRvruli raodenobaa, romlis Semdegac individTa ricxvis Semcireba 
ekologiur-genetikuri mizezebis gamo populaciis gadaSenebas iwvevs. es maCvenebeli sxvadasxva 
saxeobisaTvis gansxvavebuli da specifikuria. SeuZlebladaa miCneuli iseTi populaciebis evo-
luciurad xangrZlivi arseboba, romelTa wevrebi ramdenime aseulze naklebia. mag., amuris vefxvi 
erTi populaciisagan Sedgeba, romelSic 200-mde individia. miuxedavad dacvis mkacri zomebisa, Sem-
TxveviTma (stoqasturma) faqtorebma (xanZari, wyaldidoba da sxv.) SeiZleba am ricxvis Semcireba 
gamoiwvios, erTeulma individebma gamravlebis periodSi saWiro sixSiriT erTimeore veRar ipovon 
da ramdenime TaobaSi amowydnen. am mdgomareobaSi SeiZleba aRmoCndes mravali iSviaTi mcenare da 
cxoveli. 

populaciis dinamikis evoluciur mniSvnelobas pirvelad yuradReba s. Cetverikovma (1905) 
miaqcia. populaciaSi ricxovnobis meryeobas (fluqtuacias) man `populaciis talRebi~ uwoda. igi 
evoluciis procesSi mniSvnelovan rols asrulebs (ix. 11.5). populaciis ricxovnoba sivrcesa da 
droSi periodulad meryeobs. mas mravali abioturi da bioturi faqtori iwvevs. ricxovnobis flu-
qtuacias SeiZleba cikluri an acikluri xasiaTi hqondes. inglisis erT-erT patara kunZulze velu-
rad binadrobs bocveri (Ryctolagus cuniculus). mTeli wlis ganmavlobaSi uxvi sakvebis mopovebiT Se-
modgomiT individebma maqsimalur raodenobas 10000-s miaRwia erTxel mkacrma zamTarma da sakvebis 
naklebobam maTi raodenoba 100-mde Seamcira. ricxovnobis mkveTri sezonuri meryeoba aRiniSneba 
uxerxemlo cxovelebSi _ buzebi, koRoebi da sxv.

populacias aqvs asakobrivi struqtura. amrigad, populacia diferencirebulia rogorc 
sivrceSi (areali), ise droSi (Sedgeba sxvadasxva asakis individebisagan). zogjer saxeobis Semadge-
nel calkeul populacias misTvis niSandoblivi asakobrivi Tanafardoba axasiaTebs. am Tanafar-
dobaze moqmedebs organizmTa sicocxlis xangrZlivoba, gamravlebis intensioba, Tu rodis aRwe-
ven sqesobriv simwifes da sxv. swrafad mzardi populaciebi ZiriTadad axalgazrda individebisagan 
Sedgeba. stacionalur populaciebSi yvela asakis jgufebi gvxvdeba da maTi Tanafardoba TiTqmis 
Tanabaria. klebadi ricxovnobis populaciebSi xandazmuli jgufebi Warboben. mcenareTa da cxo-
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velTa populaciebSi ZiriTadad sam eko-
logiur asakobriv jgufs gamoyofen: 
prereproduqciuls, reproduqciulsa 
da postreproduqciuls. adamianSi asa-
kobrivi jgufebis Tanafardoba Tanaba-
ria da TiToeuli maTganis xangrZlivoba 
daaxloebiT 1#3 Seadgens. martivia bigas 
(Sorex) asakobrivi struqtura. isini ga-
zafxulze erT an or nayars iZlevian. 
zrdasrulebi male iRupebian, Semodgo-
maze mxolod sqesobrivad moumwifebeli 
individebisagan Sedgebian. gazafxulze 
yvela gamozamTrebuli individi sqeso-
brivad mwifdeba da cikli kvlav meor-
deba. zogierTi mweris larvuli periodi 
gaxangrZlivebulia da erTidan ramde-
nime wlamde grZeldeba, zrdasrulis 
ki – ramdenime dRes. irmebis populacia 
ramdenime asakobrivi jgufisagan Sed-
geba. muxnarSi erTdroulad sxvadasxva 
asakis mcenareebi gvxvdeba. axalgazrda 
20 wlianma mcenarem SeiZleba damtveros 
1000 wlovani (mSobeli) individi. 

erTi SexedviT, sqesis mixedviT 
Tanafardobis Seswavla mniSvnelovania 
mxolod calsqesian cxovelebsa da orsaxliani mcenareebis populaciebSi. TiTqos mas mniSvnelo-
ba ar unda hqondes agamur, hermafrodit da parTenogenezul populaciebisTvis. aseTi Sexeduleba 
mcdaria, radgan agamur formebSi aRmoCenilia sqesobrivi procesis Taviseburi variantebi, her
mafroditebSi obligaturi TviTganayofiereba metad iSviaTia, xolo zogierT parTenogenezul po-
pulaciebSi aRmoCenilia mamrebi. yovelive es imaze migvaniSnebs, rom sqesTa Tanafardoba popula-
ciis mniSvnelovani maxasiaTebelia. 

populaciaSi arCeven sqesis sami saxis Tanafardobas. pirveladi Tanafardoba zigotebis war-
moqmnisas yalibdeba da mas genetikuri meqanizmebi gansazRvraven. daTiSva sqesis mixedviT aris Tana-
fardobiT 1:1. mamrobiTi da mdedrobiTi sqesis gansxvavebuli sicocxlis unarianobis gamo meoradi 
Tanafardoba (dabadebul an gamoCekil individebs Soris) gansxvavdeba pirveladisagan. mesameuli 
Tanafardoba sqesobrivad momwifebuli individebisaTvisaa damaxasiaTebeli. mag., adamianebSi yo-
vel axalSobil 100 qalze 106 vaJi modis (meoradi Tanafardoba). 16-18 wlis asakSi es Tanafardoba 
Tanabrdeba, 50 wlis asakSi yovel 100 qalze 85 mamakaci modis, xolo 80 wlis asakSi yovel 100 qalze 
50 mamakaci. 

cxovelebisa da mcenareebis populaciebSi sqesis meoreuli da mesameuli Tanafardoba xSirad 
mniSvnelovan farglebSi varirebs. zogierT mwerSi rTuli genetikuri procesebis Sedegad mamre-
bis eliminacia xdeba da populacia mxolod mdedrebisagan Sedgeba. aseve zogierTi parTenogenezur 
populaciebSi mxolod mdedrebi gvxvdeba. sqesTa Tanafardobaze garkveul gavlenas axdens garemo 
pirobebi (e. w. epigamuri anu modifikaciuri sqesis gansazRvra), romelic Cven arisemasa da bonelia-
Si ukve ganvixileT. 

9.5. ekosistema

ekosistema aris cocxali organizmebisa da maTi sasicocxlo garemos funqciuri urTierTda-
mokidebulebis Sedegad Seqmnili erTiani sistema. termini Semotanilia 1935 wels ingliseli eko-
logis a. tenslis mier. igi ekosistemas miiCnevda dedamiwis zedapirze arsebul ZiriTad bunebriv 
erTeulad. ekosistemaSi nivTierebaTa cvla mimdinareobs ara marto organizmebSi, aramed aracoc-
xal bunebaSic. ekosistema TviTregulirebadi Ria sistemaa (sur. 9.4). arsebobs Semadgenlobis sir-
Tulisa da gansxvavebuli sididis ekosistemebi.

ekosistemaSi Semaval sxvadasxva saxeobaTa erTobliobas, romlebic erTad arseboben orga-
nizmTa Tanasazogadoeba anu biocenozi ewodeba. teritorias, romelsac ikavebs biocenozi yvela 
abiotur faqtorebTan erTad biotopi (sicocxlis adgili) ewodeba.

ekosistema aris mTliani-TviTwarmomqmneli sistema. cocxal organizmTa Tanasazogadoeba 

sur. 9.4. ekosistemis sqema
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da abioturi garemo erTmaneTze moqme-
debs. orive Semadgeneli nawili eko-
sistemisa savaldebuloa. sicocxlis 
arsebobisTvis abioturi faqtorebi 
aregulirebs populaciaTa sicocxli-
sunarianobas. amave dros abioturi 
faqtorebi imyofebian cocxal orga-
nizmTa mudmivi zemoqmedebis qveS. si-
cocxlisaTvis saWiro qimiuri elemen-
tebi (C, H, O, N, P) da organuli naerTebi 
(naxSirwylebi, cilebi, cximebi) ganicdis 
mudmiv cvlas aracocxal bunebasa da or-
ganizmTa Soris. erT-erTi magaliTi ase-
Ti cvlis naCvenebia suraTze (sur. 9.5).

biocenozis TviTregulireba ima-
Si gamoixateba, rom yoveli saxeobis in-
dividTa raodenoba SenarCunebuli iyos 
erT gansazRvrul, SedarebiT mudmiv do-
neze.

xmeleTis biocenozebs Soris yve-
laze ufro rTulia farTofoTlovani 
tye. foTlovani tyis damaxasiaTebeli 
niSania mcenareulobis saxeobrivi mra-
valferovneba. mcenareTa Soris mimdina-
reobs konkurencia sicocxlis ZiriTadi 
pirobebisTvis: sivrcis, sinaTlisa da 

wylisaTvis. bunebrivi gadarCevis Sedegad mcenareebs gamoumuSavdaT iseTi Seguebani, romlebic sa-
Sualebas aZlevs sxvadasxva saxeobas iarsebon erToblivad. es aSkarad vlindeba Sereuli tyis mce-
nareebisTvis damaxasiaTebel iarusianobaSi (sur. 9.6).

rogorc suraTidan Cans, zeda iaruss warmoadgens maRali xeebi, romlebic sinaTlis yvelaze 
ufro moyvarulia. ufro dabla ganlagebulia dabali xeebi nakleb sinaTlis moyvaruli. ufro dabla 
ganlagebulia buCqnari. rac ufro dabalia iarusi, miT ufro Crdilis amtania misi mcenareuloba.

mdgradoba. yvela ekosistema evoluciurad dakavSirebulia garemosTan da amJRavnebs mdgra-
dobas. mdgradoba aris Tanasazogadoebisa da ekosistemis Tviseba SeinarCunos stabiluroba yve-
la im cvlilebebze, romlebic xdeba garemo faqtorebis zemoqmedebiT. magaliTad, Tu ekosistemaSi 
naleqianoba Semcirdeba 50%-iT, SedarebiT mravali wlis saSualo maCveneblebTan, xolo organul 
naerTTa raodenoba, romelsac qmnis producentebi Semcirda 25%-iT, mcenariWamia wamia konsumen-
tebis ricxovneba 10%-iT, SeiZleba iTqvas, aseTi ekosistema mdgradia.

organizmTa unars, gadaitanon garemos arasasurveli gavlena da SeinarCunon gamravlebis 
didi potenciali miuTiTebs imaze, rom populacia gadarCenilia ekosistemaSi.

TviTregulacia. ekosistemaSi populaciaTa ricxobrivobis SenarCuneba dafuZnebulia or-
ganizmTa urTierTobaze. es urTierTo-
bebia msxverpl-mtaceblis, parazit-pa-
tronisa da kvebiT urTierTobis yvela 
done. Tu raRac movlenis Sedegad amo-
vardeba kvebiT jaWvSi romelime saxeoba, 
is cxovelebi, romlebic ikvebebodnen 
amomwydari cxovelebiT, gadavlen sxva 
kvebiT reJimze. daiwyeben didi raodeno-
biT kvebas im sakvebiT romelic maTTvis 
adre iyo meore xarisxovani. sakvebis ase-
Ti cvlileba populaciis ricxobrivobis 
SenarCunebis saSualebas iZleva.

cvlilebebi. marTalia, ekosisite-
ma TviTregulirebadi sistemaa, romelic 
miiswrafis mdgradi mdgomareobisaken, 
magram es mdgradi mdgomareoba arasodes 
ar aris sruli. mdgradobas abrkolebs 
klimaturi pirobebis ganuwyveteli cva-

sur. 9.5. fosforis cikli. fosforis wyaros warmoadgens 
qanebi, saidanac xdeba maTi SeTviseba mcenareTa mier da CarT-
va kvebiT jaWvSi. reducentebi fosfors abiotur garemoSi 
abruneben.

sur. 9.6. tyis iarusianoba
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lebadoba. biocenozis saxeobrivi ricxo-
brivobis meryeoba (sur. 9.7). ekosistemis 
cvlilebebSi did rols TamaSobs anTro-
pogenuri faqtori.

bunebriv da xelovnur ekosiste-
mebis Sedareba. arsebobs ori saxis eko-
sistema bunebrivi da xelovnuri. bune-
brivi ekosistemebia: tundris, okeanis, 
mdinareebis, tyeebis, mTebis, udabnoebis 
da sxva mravali. mravali aTaswleulis 
ganmavlobaSi adamiani cxovrobda bune-
briv ekosistemaSi da ar ereoda aqtiu-
rad masSi mimdinare procesebSi. civi-
lizaciis dawyebidan dRemde adamainis 
damokidebuleba bunebisadmi Seicvala. 
adamianma daiwyo bunebrivi ekosistemis 
rRveva da qmnis xelovnur ekosistemebs. 
gansakuTrebiT aRsaniSnavia agroceno-
zebis Seqmna, romelic Tanasazogadoebas 
warmoadgens da warmoSobilia adamianis 
sasoflo-sameurneo an sxva formis Sro-
ma-saqmianobis Sedegad. magaliTisaTvis 
SeiZleba davasaxeloT xelovnurad Seqm-
nili parkebi, xexilis baRebi, mdeloebi, 
mindvrebi da saZovrebi. xelovnuri eko-
sistemebis SeqmanSi adamiani iyenebs sxva-
dasxva agroxerxs: sasoflo-sameurneo 
balaxebis Tesvas, melioracias, minera-
luri da organuli sasuqebis Setanas, 
niadagis damuSavebis sxvadasxva wess.

xelovnuri ekosistemis Seqmnis 
dros, saWiroa, rac SeiZleba srulad 
iqnes gaTvaliswinebuli im urTierTda-
mokidebulebis formebi, romelic yalib-
deba adamianis mier Seqmnili Tanasazoga-
doebis komponentebsa da niadags Soris. 
gansakuTrebiT mniSvnelovania gaviTvaliswinoT niadagis Tvisebebi. misi dacvis aucilebloba 
wylismieri daSlisagan.

bunebrivi da xelovnuri ekosistemebi gansxvavebuli bunebisaa. bunebrivi ekosistema mdgra-
dia. xelovnuri ekosistema aramdgradia. adamianis Caurevlobis gareSe marcvleulis yana erT wels 
arsebobs. mravalwliani mindori sam wels arsebobs. xilis baRebi oc wels Zlebs.

bunebriv ekosistemis energiis wyaros mxolod mze warmoadgens. xelovnur ekosistemaSi mzis 
garda adamiani iyenebs sxvadasxva saSualebas. magaliTad, adamiani amuSavebs niadags, Seaqvs masSi xe-
lovnuri sasuqebi. ebrZvis xelovnur ekosistemaSi gaCenil mavneblebs rogorc cxovelur, ise mce-
nareuls.

bunebriv ekosistemaSi mcenareTa produqcia (mosavali), romelic gaivlis mraval kvebiT 
qsels, kvlav brundeba biologiur kvebiT wrebrunvaSi. xelovnur ekosistemaSi es ar xdeba. vinai-
dan mosavlis aRebasTan erTdroulad adamiani anadgurebs did masas produqciis momcems. mudmivad 
uxdeba niadagis gasanayofierebad sasuqebis gamoyeneba.

qalaqebis xelovnuri ekosistema axdens zemoqmedebas bunebriv ekosistemaze. dRes Cveni pla-
netis mosaxleobis naxevarze meti qalaqSi an qalaqis tipis dasaxlebaSi cxovrobs. mrewveloba gan-
viTarebul zogierT qveynebSi es ricxvi 70%-s warmoadgens. qalaqebSi darRveulia Tanafardoba 
producentebs, konsumentebsa da reducentebs Soris. XX ss. Sua wlebSi dadginda, rom qalaqis mosa-
xleobis sicocxlis xangrZlivoba dabali iyo soflad mcxovreb mosaxleobasTan SedarebiT. qalaqSi 
warmoiqmneba didi raodenobis momwamlavi gazebi. toqsikuri nivTierebebi. xdeba saarsebo garemos 
dabinZureba, amitom sasurvelia qalaq gegmarebaSi gaTvaliswinebuli iqnas ekologebis azri. mwvane 
nargavebma unda daikavos qalaqis teritoriis naxevarze meti farTobi.

biocenozebis geografiuli zonaloba. biocenozebis tipebi mkafiod vlindeba ekologiuri 
sistemebis geografiul zonalobaSi. CrdiloeTidan samxreTisaken TanmimdevrobiT ganlagebulia 

sur. 9.7. tbis ekosistemis struqturis cvlileba
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bunebrivi zonebi: tundra, taiga, foTlovani tye, veli, udabno. yoveli zona xasiaTdeba ZiriTadi 
biocenozebis ufro metad gavrcelebuli tipebiT. zonaluri cvlilebebi ufro metad emCneva mce-
nareulobas _ biocenozis wamyvan komponents. amas Tan axlavs konsumentebisa da reducentebis sa-
xeobrivi Semadgenlobis aseve Zlieri cvlileba. niadagic, romelic ekosistemis mniSvnelovani nawi-
lia, aseve icvleba geografiuli zonebis mixedviT.

klimats, im elementebs Soris, romlebic ekologiuri sistemebis zonalobas gansazRvravs, 
asrulebs temperatura, tenianoba da sinaTlis reJimi.

ukidures CrdiloeTSi tundris zonaSi sicocxlisaTvis Zalze mkacri pirobebia. savegetacio 
periodis xangrZlivoba or-sam Tves ar aRemateba, xolo ivlisis saSualo temperatura 10-12 gradu-
sze naklebia. niadagi lRveba mcire siRrmeze, mis qveviT ki maradiuli mzralobaa. susti aorTqle-
bis gamo xSirad Cndeba Waobebi. tundraSi sicocxle gavrcelebulia yvelaze Tbil miwispira SreSi.

am mZime pirobebs Seegua organizmebis nawili, romelic saxeobiT Rarib, Tavisebur bioceno-
zebs hqmnis. mcenareuloba warmodgenilia mRierebiT, xavsebiT, dabali mravalwliani balaxebiTa 
da miwaze garTxmuli buCqebiT. mcenareulobis produqcia tundris biocenozebSi Zalian mcirea _ 
weliwadSi 4-12 c/ha-ze naklebi. amitom SedarebiT Raribia cxovelTa samyaroc. dabali temperatu-
ris gamo mikroorganizmebis mier organuli narCenebis daSla mimdinareobs da niadagebi sustadaa 
ganviTarebuli.

ufro samxreTiT, sadac zafxuli SedarebiT xangrZlivi da Tbilia, xolo niadagi lRveba mT-
lianad, viTardeba taigis vrceli zona, sadac upiratesad iseTi biocenozebia, romelTa safuZvelia 
wiwviani xeebi _ naZvi, soWi, cimbiris fiWvi. taigis biocenozebis mcenareulobis produqtiuloba 
maRalia, saSualod Seadgens 30-40 c/ha. taigaSi ganviTarda mdidari da Zlieri damaxasiaTebeli cxo-
velTa samyaro. wiwvian tyeebSi gavrcelebulia eweris tipis niadagebi.

ufro samxreTiT wiwviani xeebis zrdas xels uSlis haeris naklebi tenianoba da zafxulis ma-
Rali temperatura. taigas TandaTan cvlian Sereuli da farTofoTlovani tyeebi, romlebic gansa-
kuTrebiT mravalferovania evropasa da Soreul aRmosavleTSi. am raionebisaTvis damaxasiaTebelia 
uxvi naleqebi, zomieri temperatura da zamTrisa da zafxulis mkveTri monacvleoba. xelsayreli 
pirobebis gamo aq warmoiSva rTuli biocenozebi, romlebsac axasiaTebs maRali biologiuri pro-
duqtiuloba. warmoSobili mcenareuli masis raodenoba xSirad aWarbebs 50-60 c/ha-s.

kidev ufro samxreTiT, naleqebis raodenobis Semcirebasa da aorTqlebis gaZlierebasTan 
erTad, tyeebs TandaTan cvlis Ria sivrceebi _ velebi. aq biocenebis safuZvels SedarebiT yinva-
gamZle kordwarmomqmneli marcvlovnebi _ vaciwvera, quCi da Tivaqasra warmoadgenen. isini war-
moqmnian gacilebiT nakleb organul nivTierebebs _ sul 10-15 c/ha-s. velebis cxovelTa samyaro 
Zalian Raribia da saxeobrivi SemadgenlobiT sruliad gansxvavdeba tyis cxovelTa samyarosagan. 
naleqebis uTanabro ganawileba da zafxulis gvalvebi xels uSlis mikroorganizmebis moqmedebas 
da organuli narCenebis srul mineralizacias. am velebze warmoiSoba damaxasiaTebeli Savmiwa nia-
dagebi, romlebic Zalian mdidaria organuli nivTierebebiT. es zona aris intensiuri meurneobis 
erT-erTi ZiriTadi raioni.

ukidures samxreTiT mdebareobs udabnoebis zona. adgili, sadac Zalian mcirea naleqebi, xolo 
aorTqleba Zalze didi. ivlisis saSualo temperatura 25 graduss aRemateba. aseT pirobebSi Camoya-
libda sruliad Taviseburi da Zalze Raribi biocenozebi. mcenareuloba metad gameCxerebulia da 
niadagis zedapiris didi nawili gaSiSvlebulia. udabnoSi gvxvdeba yvelaze ufro gvalvagamZle buC-
qebi. iSviaTad patara xeebi, mag.: saqsauli. gavrcelebulia agreTve sagazafxulo efemerebi, romle-
bic iyeneben zamTarSi dagrovil tens, zafxulSi isini kvdebian. udabnos cxovelebsac axasiaTebT 
simSralisaken didi mdgradoba.

zonebis aRwerili Tanmimdevroba damaxasiaTebelia mxolod kontinenturi qveynebisaTvis. im 
raionebSi, sadac tenianobis didi nakleboba ar SeimCneva, mag.: aRmosavleT aziaSi, velebi da udabno-
ebi ar aris da farTofoTlovani tyeebis zona icvleba maradmwvane subtropikuli da bolos tropi-
kuli zoniT. teniani tropikuli tyeebi yvelaze mdidaria saxeobrivi SemadgenlobiT da biocenoze-
bis biologiuri produqtiulobiT.

biocenozis vertikaluri zonaloba. biocenozebis kanonzomieri zonaloba mkveTrad vlin-
deba mTebSi. biosferos sicocxlis zeda zRvars gansazRvravs ultraiisferi sxivebis intensiuri 
koncentracia, qvedas _ dedamiwis wiaRis maRali temperatura, sadac aris 1000C zeviT (sur. 9.8). 
cnobilia, rom yoveli 100 metriT matebisas temperatura saSualod 0,5-0,6 gradusiT ecema, xolo 
naleqebis raodenoba simaRlesTan erTad matulobs. klimati iZens iseT Tvisebebs, romlebic Crdi-
loeTis raionebis klimats ufro emsgavseba. klimatis Sesabamisad kanonzomierad icvleba mcena-
reuli zonebic imave TanmimdevrobiT, rogorc CrdiloeTis mimarTulebiT, mag.: kavkasiaSi mTiswi-
na velebi da naxevrad udabnoebi icvleba muxisa da wiflis tyeebiT. zeviT ganlagebulia wiwviani 
tyeebis zona. Tovlis xazTan axlos CamonaSalze viTardeba tandabali alpuri mcenareuloba, ro-
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melic erTgvarad tundris mcenareulo-
bas mogvagonebs. sainteresoa, rom alpur 
zonaSi gvxvdeba zogierTi iseTi mcenare 
da cxoveli, romlebic tundraSia gavr-
celebuli da sxva zonebSi ar gvxvdeba.

9.6. sakvebis 
mopoveba, rogorc 
ekologiuri 
faqtori

kveba fiziologiis problemaa, ma-
gram misi mopoveba erT-erTi mniSvne-
lovani ekologiuri faqtoria. sakvebis 
mopovebis Zieba safuZveli xdeba mor-
fologiuri, fiziologiuri, qceviTi da 
ekologiuri adaptaciisa. ekologebs ain-
teresebT daadginon, ra gavlenas axdens 
kveba populaciis individTa raodenobis 
zrdas an Semcirebis siCqareze, dakavebu-
li arealis cvlilebaze, sicocxlis xan-
grZlivobaze da produqtiulobaze.

kvebis xasiaTis mixedviT dedami-
waze arsebuli organizmebis sami jgufi 
arsebobs. esenia _ avtotrofebi, hete-
rotrofebi da miksotrofebi (Sereuli 
xasiaTis kvebis mqone organizmebi), ro-
melTac SeuZliaT ikvebon avtotrofu-
lad da heterotrofuladac, rasac gan-
sazRvravs garemos abioturi faqtorebi 
_ sinaTle da sibnele.

avtotrofi organizmebi araorga-
nul naerTebidan TviTon asinTezeben or-
ganul naerTebs. organul naerTTa sin-
Tezi xdeba ori gziT _ fotosinTeziT 
da qemosinTeziT. fotosinTezSi ener-
giis wyaros warmoadgens mzis sinaTle. 
fotosinTezis unari gaaCniaT mwvane mce-
nareebs da zogierT baqteriebs. maT fotoavtotrofebs uwodeben. qemosinTezSi gamoyenebulia ara-
organuli nivTierebebis daJangvis gziT miRebuli energia. maT qemoavtotrofebs uwodeben. qemo-
avtotrofebia is baqteriebi, romlebic qemosinTezs warmarTaven. (ix. Tavi 3 gv.19).

heterotrofebia adamiani, cxovelebi, sokoebi, mravali baqteria _ da uqrolofilo mcena-
reebi. heterotrofuli organizmebi gansxvavebiT avtotrofebisagan ver asinTezeben organul ni-
vTierebebs araorganuli naerTebidan. ikvebebian mza organuli nivTierebebiT, romlebic daasinTe-
zires avtotrofebma.

miksotrofuli kvebis mqone organizmebia zogierTi baqteria lurj-mwvane wyalmcenareebi da 
mcenare-parazitebi. es organizmebi mzis sinaTleze fotosinTezs axdenen, xolo sibneleSi hetero-
trofulad ikvebebian.

nebismier TanasazogadoebaSi gaerTianebuli cocxali organizmebi kvebis mixedviT SeiZleba 
daiyos sam funqciur jgufad:

pirveli, producentebi _ am jgufSi gaerTianebulia avtotrofebi. arian Semqmnelebi orga-
nuli nivTierebisa.

meore, konsumentebi _ am jgufSi gaerTianebulia heterotrofuli organizmebi, romlebic 
ikvebebian mcenareebiT da sxva heterotrofebiT. maT momxmareblebs uwodeben.

mesame, reducentebi _ am jgufSi gaerTianebulia heterotrofuli baqteriebi da sokoebi. 
iTvlebian damSlelebad. monawileoben organul naerTTa daSlaSi.

nebismier biocenozis safuZvels warmoadgens mwvane mcenareebi. organuli nivTierebebis 
mwarmoeblebi _ producentebi. biocenozSi arseboben mcenarisa da xorcis mWameli cxovelebi, 

sur. 9.8. biocenozis vertikaluri zonaloba
1 _ tropikuli da subtropikuli tyeebi;
2 _ farTofoTlovani tyeebi; 3 _ wiwviani tyeebi;
4 _ alpuri mdeloebi; 5 _ tundra; 
6 _ yinulis safari.
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romlebic arian organuli nivTierebebis momxmareblebi _ konsumentebi. organuli narCenebis dam-
Slelebia umetes wilad mikroorganizmebi, romelTac organuli nivTierebebis daSla dahyavT mar-
tiv mineralur nivTierebamde _ reducentebi. biocenozis funqcionirebas ganapirobebs kvebiTi 
kavSiris mimarTuleba:

aRniSnuli kvebis samive jgufi arsebobs nebismier TanasazogadoebaSi. nebismier jgufSi ga-
erTianebulia mravali populacia, romelic arsebobs ekosistemaSi. samive jgufis erTdrouli 
muSaoba aregulirebs ekosistemaSi nivTierebaTa da energiis cvlas (sur. 9.9). gamonaklisis saxiT 
arsebobs iseTi ekosistemebi, sadac araa avtotrofuli mcenareebi. aseTi ekosistemebia didi siRr-
mis okeaneebi da gamoqvabulebi. aseT ekosistemebSi aucilebelia energiis garedan miReba organuli 
nivTierebebis saxiT, romelic cvlis mzis energias.

biocenozis daxasiaTeba xdeba sami maCvenebliT:
pirveli _ saxeobrivi mravalferovneba. mocemuli biocenozis Semadgenel mcenareTa da cxo-

velTa saxeobebi raodenobiT.
meore _ populaciebis simWidrove. TiToeuli saxeobis individTa raodenoba farTobis er-

Teulze an moculobis erTeulze, romelic gamoyenebulia planqtonisaTvis.
mesame _ biomasa. yvela individis organuli nivTierebebi da maTSi arsebuli energiis saerTo 

raodenoba. biomasas woniT erTeulebiT gamoxataven mSral nivTierebaze gadaangariSebiT farTo-
bis an moculobis erTeulze.

produqtiuloba. ekosistemaSi mimdinare energetiuli procesebis SefasebisaTvis gamoye-
nebulia misi biologiuri produqtiulobis maCvenebeli. terminSi `biologiuri produqtiuloba~ 
igulisxmeba biomasis warmoqmnis siswrafe, rac niSnavs calkeul populaciebSi an mTlianad ekosi-
stemaSi arsebul sxvadasxva organizmSi dagrovil nivTierebaTa jams, rac izomeba warmosaqmneli 
organuli nivTierebebis dagrovebis siswrafiT.

amitom saWiroa biologiuri produqtiuloba gamovyoT biologiuri produqciisagan. biolo-
giuri produqcia niSnavs biomasis cvlilebas organizmTa zrda-ganviTarebis Sedegad. ar unda iqnes 
areuli erTmaneTSi biomasa, anu mosavali da produqtiuloba.

ekosistemaSi ganasxvaveben pirvelad da meoreul biologiur produqtiulobas. pirvelad 
produqtiulobaSi igulisxmeba fotosinTezis saerTo Sejamebuli produqcia, romelic aris Zi-
riTadi mwvane mcenareebis moqmedebis Sedegi. is izomeba warmosaqmneli organuli nivTierebebis 
dagrovebis siswrafiT. mzis energia am dros gadadis organul naerTTa potenciur energiaSi. me-
oreuli biologiuri produqtiuloba ganekuTvneba biomasis dagrovebas, romelsac axorcieleben 
heterotrofebi. heterotrofebi iyeneben im nivTierebebs da energias, romelsac producentebi 
agroveben.

kvebiTi qseli. kvebiT jaWvs uwo-
deben saxeobaTa rigs, romlis yoveli 
wina rgoli momdevnos sakvebs warmoad-
gens. kvebis jaWvSi gaerTianebuli yvela 
saxeoba arsebobs mwvane mcenareebis mier 
Seqmnil organul nivTierebaTa xarjze. 
amasTan aq moqmedebs mniSvnelovani ka-
nonzomiereba, romelic exeba kvebis pro-
cesSi energiis gamoyenebisa da gardaqm-
nis efeqtianobas. am kanonzomierebis 
arsi SemdegSi mdgomareobs:

mcenareze dacemuli mzis sxivu-
ri energiis jamis daaxloebiT mxolod 
1% gardaiqmneba sinTezuri organuli 
nivTierebebis qimiuri bmebis potenciur 
energiad da SemdegSi SeiZleba gamoyene-sur. 9.9. nivTierebaTa cvla ekosistemaSi
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buli iyos heterotrofuli organizme-
bis kvebis dros. rodesac cxoveli Wams 
mcenares, sakvebSi arsebuli energiis 
umetesi nawili cxovelqmedebis sxva-
dasxva procesSi ixarjeba, gardaiqmneba 
siTbod da ifanteba. sakvebSi arsebuli 
energiis mxolod 5 _ 20% gadadis cxo-
velis sxeulis axlad Seqmnil nivTiere-
bebSi. Tu balaxWamia cxovels SeWams mta-
cebeli, maSin sakvebSi arsebuli energiis 
didi nawili isev ikargeba. sasargeblo 
energiis aseTi didi raodenobiT da-
kargvis Sedegad kvebiTi jaWvi ar SeiZel-
ba Zalian grZeli iyos. Cveulebriv isini 
Sedgeba 3-5 rgolisagan (sur. 9.10).

energiis dakargvis Sedegad yove-
li momdevno kvebiT doneze warmoqmni-
li organuli nivTierebebis raodenoba 
mkveTrad mcirdeba. ase, magaliTad, Tu 
miviRebT, rom cxovelis sxeulis nivTie-
rebaSi saSualod gadadis SeTvisebuli sakvebis energiis 10%, maSin cxadia, 1 tona mcenareuli ma-
sis xarjze SeiZleba Seiqmnas balaxWamia cxovelis sxeulis masis mxolod 100 kg. realuri Tanafar-
doba SeiZleba sxvagvaric iyos, vinaidan energiis gamoyenebis koeficienti sxvadasxva saxeobaSi 
erTnairi ar aris, magram mcenareuli nivTierebis raodenoba, romelic kvebis jaWvis safuZvelia, 
yovelTvis ramdenjerme metia, vidre mcenareWamia cxovelebis saerTo masa, xolo kvebis jaWvis yo-
veli momdevno rgolis masa aseve progresulad mcirdeba (sur. 9.11). am metad mniSvnelovan kanonzo-
mierebas ekologiuri piramidis wess uwodeben.

SeiZleba `ekologiuri piramidebis~ ramdenime kategoria ganvasxvavoT. ricxvTa piramida ga-
moxatavs individTa ricxvs kvebis jaWvis yovel doneze; biomasis piramida gviCvenebs organuli ni-
vTierebebis raodenobas (biomasas), energiis piramida _ energiis raodenobas sakvebSi. yvela isini, 
miuxedavad imisa, rom absoluturi mniSvnelobiT gansxvavdebian, erTi da imave mimarTulebisani 
arian.

ekosistemaSi kvebis jaWvebi sworxa-
zovani ar aris. sxvadasxva saxeoba TiTqmis 
yovelTvis ramdenime sxvadasxva obieqtiT 
ikvebeba da amasTanave TviTon aris sakve-
bi ekosistemis sxva wevrebisaTvis. amis 
Sedegad vRebulobT kvebis jaWvis rTul 
qsels.

9.7. bioturi 
kavSirebis formebi

bunebriv pirobebSi organizmebi 
izolirebulad ar cxovroben. maT garSe-
mo axveviaT mravali sxva saxeobis cvli-
lebebi. cxovelebi erTmaneTTan urTier-
Toben. organizmTa urTierToba da maTi 
gavlena saarsebo garemoze aris biotu-
ri faqtori. mkveTrad gamoxatuli bio-
turi faqtori vlindeba cxovelTa kve-
baSi da saarsebo teritoriis dakavebis 
SemTxvevaSi. yvela bioturi kavSiri SeiZleba daiyos eqvs jgufad. pirveli _ organizmebi ar axdenen 
gavlenas erTmaneTze. aseT urTierTobas neitralizmi ewodeba. meore-organizmebs Soris arsebobs 
urTierT sasargeblo kavSiri. es aris simbiozuri kavSiri. mesame _ urTierToba orive organizme-
bisTvis mavnea. meoTxe _ erTi organizmisTvis sasargebloa, meoresTvis ki _ SemboWveli. mexuTe _ 
erTi saxeobisTvis sasargebloa, meore rCeba neitraluri. meeqvse _ erTi saxeoba izRudeba, meore 
arafriT sargeblobs.

sur. 9.10. kvebiTi qseli

sur. 9.11. energiis nakadi ekosistemaSi _ energiis piramida 
da kvebiTi qseli. kata ikvebeba frinvelebiT, romlebic Tavis 
mxriv ikvebebian pomidoriT. populaciaSi yovel momdevno 
kvebiT doneze wina donesTan SedarebiT energiis raodeno-
ba mcirdeba. gadaecema energiis mxolod 10% da moixmareba 
zrdisa da ganviTarebisTvis.
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neitralizmi. es is formaa ur-
TierTobis, rodesac erT teritoria-
ze arsebuli organizmebi ar moqmedeben 
erTmaneTze. neitralizmis SemTxvevaSi 
sxvadasxva saxeobis individebi uSualod 
ar moqmedeben erTmaneTze, magram da-
moukideblebi arian Tanasazogadoebis 
mTlian mdgomareobaze. magaliTad, ciyvi 
da losi erTad cxovroben tyeSi magram 
ar kontaqtireben erTmaneTTan. tyis 
abiotur faqtorTa cvlileba gavlenas 
axdens oriveze sxvadasxva xarisxiT.

simbiozi. simbiozi ewodeba ori 
sxvadasxva saxeobis organizmTa Tanaar-
sebobas, romelic SeiZleba iyos ormxri-

vi sasargeblo anda calmxriv sasargeblo.
ormxriv sasargeblo simbiozis mravali magaliTis moyvana SeiZleba rogorc mcenareTa, ase-

ve cxovelTa samyarodan. ormxriv sasargeblo simbiozia parkosan mecnareTa da koJris baqteriebis 
Tanaasreboba. erTujrediani wyalmcenarisa da sokos Tanaarseboba mRierebSi. ormxriv sasargeblo 
simbiozia agreTve mikoriza anu qudiani sokoebisa da umaRles mcenareTa Soris urTierTdamokide-
buleba.

cxovelebSi ormxriv sasargeblo simbiozis magaliTia kibo-gandegilisa da nawlaRruiani cxo-
velis aqtinias Tanaasreboba. aqtinia mimagrebulia im niJaraze, romelsac kibo-gandegili Tavs afa-
rebs. igi ikvebeba kibos sakvebis narCenebiT, garda amisa, kibos daxmarebiT xdeba aqtinias gadaadgi-
leba garemoSi. Tavis mxriv, aqtenia Tavisi garegnobiTa da sacecebiT aSinebs sxvadasxva cxovelebs 
da icavs kibo-gandegils mtrebisagan.

ormxrivi sasargeblo simbiozuri damokidebulebaa zogierT zRvis cxovelsa da erTujredian 
wyalmcenareebs Soris. mag.: marjnis polipebis zogierTi saxeobis qsovilebi amovsebulia erTujre-
diani wyalmcenareebiT da sakmarisia wyalmcenareebi movaciloT, rom marjnis polipis normaluri 
cxovelmoqmedeba irRveva. 

cnobilia, rom axalgazrda Tevzebis gundi xSirad Tavs afarebs meduzis sacecebs. es calmxriv 
sasargeblo simbiozis magaliTia.

mtacebloba. mtacebloba ewodeba sxvadasxva saxeobis cxovelTa iseT urTierTdamokidebu-
lebas, rodesac erTi saxeobis warmomadgeneli iWers da sakvebad iyenebs meore saxeobis organizms 
(sur. 9.12).

xSir SemTxvevaSi mtaceblebs uwodeben mxolod iseT cxovelebs, romlebic sakvebad iyeneben 
imave tipisa da klasis cxovelebs, romlebsac TiTon miekuTvnebian.

xerxemlian cxovelebs, romlebic ikvebebian moluskebiT, mwrebiTa da WiebiT. Cveulebriv mta-
cebels ar eZaxian, magram naTelia, rom virTevza, romelic qaSayiT ikvebeba, mtacebelia. mtacebelia 
agreTve mgeli, romelic kurdRliTa da ZuZumwovrebiT ikvebeba.

rogorc wesi, mtacebeli msxver-
pls swrafad klavs da xSir SemTxvevaSi 
erTjeradi kvebisaTvis iyenebs. mtace-
beli-msxverpls  Soris cikluri damoki-
debuleba (sur. 9.13) arsebobs. suraTze 
gamoxatuli mrudeebi gviCvenebs, rogor 
icvleba populaciaTa raodenobrivi 
maCvenebeli droSi.

parazitizmi. parazitizmi farTod 
aris gavrcelebuli rogorc cxovelTa 
sxvadasxva sistematikur jgufebSi, aseve 
mcenareebSic. gansakuTrebiT farTodaa 
gavrcelebuli parazitizmi umartive-
sTa, Wiebsa da fexsaxsrianTa Soris.

maspinZeli organizmi paraziti-
saTvis saarsebo garemoa. igi gamoiyenebs 
marCenals, rogorc sakvebis wyaros _ 
ikvebeba marCenlis organizmis qsovile-
biT anda marCenalis mier gadamuSavebuli 

sur. 9.12. mtaceblis damokidebuleba msxverplTan

sur. 9.13. mtacebeli-msxverplis cikluri urTierTdamokide-
buleba
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sakvebiT.
naTelia, rom parazi-

tizmi iseTi Tanaarsebobaa, 
romelic sasargeblos warmo-
adgens erTi organizmisaTvis 
/paarzitisaTvis/ da sazianoa 
meore organizmisaTvis /mar-
CenalisaTvis/.

parazitizmis farTo 
gavrcelebaze miuTiTebs is 
faqti, rom TiTqmis yvela or-
ganizmi warmoadgens erTi an mravali parazitis marCenals. parazitis nervuli sistema, grZnobaTa 
organoebi, kunTebi da moZraobis organoebi ganicdis regress anu gadagvarebas. samagierod, maT 
Zlier aqvT ganviTarebuli is organoebi, romlebic exmareba marCenalze misamagreblad /kauWebi, mi-
sawovrebi da a.S./, kargad aqvT ganviTarebuli agreTve sxeulis safarveli, romelic icavs parazits 
marCenalisagan. mag.: Roris soliters, askaridas da sxva parazitul Wiebs mkveTri kani icavs marCe-
nalis saWmlis momnelebel organoebSi saWmlis momnebeli wvenebis zemoqmedebisagan. parazitebi-
saTvis damaxasiaTebelia gamravlebis didi unarianobac.

zogierTi paraziti ciklis nawils erTi marCenalis organizmSi atarebs, meore nawils ki _ 
sxva marCenalis organizmSi, aseTebia, mag.: malariis plazmodiumi, Roris soliteri, eqinokoki da 
sxva. aseT SemTxvevaSi ZiriTad marCenalad iTvleba is organizmi, sadac xdeba parazitis sqesobrivi 
momwifeba da mimdianreobs kvercxujredis ganayofiereba.

parazitebidan aRsaniSnavia paTogenuri anu avadmyofobis gamomwvevi parazitebi, romlebic 
iwveven marCenalis sxvadasxva daavadebas. isini an Slian marCenalis ujredebs anda gamohyofen Sxa-
mian nivTierebebs da arRveven marCenalis organizmSi nivTierebaTa cvlis procesebs.

konkurencia da gauzes principi. konkurencia laTinuri warmomavlobisaa da misi mniSvnelo-
ba asea ganmartebuli _ `survili an moTxovna imisa, rasac Txoulobs sxva pirovneba~. qarTuli misi 
Sesatyvisia _ metoqeoba, brZola upiratesobis mosapoveblad raime asparezze. rogorc mecnieru-
li termini `konkurencia~ biologiur leqsikaSi XIX saukuneSi Cndeba.

biologebi termin `konkurencias~ iyeneben ise, rom ar iZlevian mis zust ganmartebas, TiTqos 
yvelasTvis gasagebi iyos. amitom zogjer terminis gamoyeneba iwvevs azrTa sxvadasxvaobas. litera-
turaSi arsebobs konkurenciis Tormeti biologiuri ganmarteba, romelSic ver monaxavT or msgavs 
ganmartebas.

zogierTi ki mniSvnelovnad gansxvavebulia. terminis aseTi mravalferovneba gamowveuli unda 
iyos ori mizeziT. pirvelia _ darvinis evoluciuri Teoriis ara swori gaazreba. meore _ termin 
`konkurenciis~ areva misiT gamowveul SedegTan.

xSir SemTxvevaSi mkvlevarebi terminebs `brZola arsebobisaTvis~ da `konkurencias~ sinonime-
bad ganixilaven, rac ar aris swori. darvini konkurencias Tvlida erT-erT mniSvnelovan faqtorad 
bunebriv gadarCevaSi, magram ar aigivebda mas arsebobisaTvis brZolasTan. darvinis mixedviT, kon-
kurencia ufro Zlierad vlindeba Sigasaxeobriv brZolaSi, vidre saxeobaTa Soris (sur. 9.14).

aRsaniSnavia erTi faqti. rogorc zemoT iyo aRniSnuli, Tavdapirvelad sityva `konkurencia~ 
ixmareboda mxolod adamianTa urTierTobis aRmniSvnelad. biologiaSi, rogorc termini `konku-
rencia~ Cndeba darvinamde. termini farTod gamoiyeneba dResac ekologiaSi.

ori an meti saxeobis populaciis individebs Soris konkurencia Tavs iCens ekologiurad kar-
gi pirobebis mopovebaSi, ekologiur pirobebSi igulisxmeba saarsebo teritoriis mopoveba da misi 
dacva, gamravlebisTvis partnioris mopoveba, sakvebi resursebis mopoveba, klimaturi pirobebi da 
sxv. rasakvirvelia, konkurencia mimdianreobs erTi saxeobis individebs Sorisac. amitomac rodesac 
konkurenciazea saubari, aucilebelia, miTiTebuli iyos is konkretuli ekologiuri resursi, ro-
melzedac vsaubrobT. 

konkurenciis klasikuri magaliTia infuzoria qalamanas ori saxeobis populaciaTa Soris 
urTierdamokidebuleba. Tu am populaciebis kultivirebas axdendnen cal-calke da amasTanave 
aZlevdnen sakvebis mkacrad gansazRvrul raodenobas, maSin es populaciebi mravldeboda da aRwe-
vda garkveul mudmiv ricxobriobas. magram Tu orivesaxoebis kultivirebas erTad axdendnen da sa-
kvebis raodenoba isev mkacrad iyo gansazRvruli, maSin daaxloebiT ori kviris Semdeg gadarCeboda 
mxolod erTi saxeobis individebi, meore individebi ki iRupeboda. aRsaniSnavia, rom gadarCenili 
saxeobis individebi arc Tavs esxmodnen meore saxeobis individebs da arc Sxamian nivTierebebs ga-
mohyofdnen. isini mxolod ufro swrafad izrdebodnen da amitom imarjvebdnen sakvebis SezRuduli 
raodenobisaTvis konkurenciaSi.

f. gauzem wamoayena principi ori saxeoba ver iarsebebs SezRudul sivrceSi, Tu maTi ZiriTa-

sur. 9.14. Sigasaxeobrivi konkurenciis magaliTi
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di saarsebo resursi erTnairi iqneba. anu 
ori saxeoba ver Seqmnis Tanasazogadoe-
bas erT ekologiur niSSi. gauzem wamoye-
nebuli principi daamtkica umartivesTa 
qcevaze Catarebuli eqsperimentiT. ori 
saxeobis konkurenciis obieqts warmoad-
genda Jangbadis moxmareba. eqsperimenti 
ise iyo Catarebuli, rom erTi saxeoba 
Jangbads Rebulobda normalurad, meo-
re ki naklebs erTnair garemoSi. droTa 
msvlelobaSi Jangbadis nakleb momxmari 
saxeobis individia raodenoba mcirdeba 
(sur. 9.15). suraTze konkurenciis Sedegi 
kargad Cans. Tu eqsperimenti gagrZelda 
da konkurenciaSi damarcxebulma saxeo-
bam ver moipova adgili iseTi, rom mieRo 

Jangbadi sicocxlisaTvis saWiro raodenobiT, iRupeba. organizmTa konkretuli urTierToba vlin-
deba iseT pirobebSi, rodesac isini iswrafvian erTi da imave saarsebo resursis gamosayeneblad. 
amitom konkurencia uaryofiT gavlenas axdens maT zrdasa da ganviTarebaze.

9.8. biosfero rogorc globaluri ekologiuri sistema

biosferos ganmarteba. dedamiwaze cocxal organizmTa istoria 3,5 miliardi wlis winaT 
daiwyo. cocxal organizmTa warmoSobidan dRemde mravali saxeoba amowyda da mravali axali war-
moiSva. sicocxlis warmoSobam didi gavlena moaxdina dedamiwis qerqisa da atmosferos evolucia-
ze. mcenareebma, sokoebma da mikroorganizmebma Cvens planetaze daikaves konkretuli saarsebo ga-
remo. maT damoukidebeli arseboba ar SeuZliaT. organizmTa arseboba damokidebulia erTmaneTTan 
mWidro urTierTobaze. arc erTi cocxali organizmi, nebismieri saxeobisa calke ar arsebobs, isini 
qmnian jgufebs, rasac populacia ewodeba. populaciis SigniT arsebobs rTuli urTierTdamokide-

buleba rogorc organizmebs Soris, ise 
garemos pirobebTan. amitom ekologiaSi 
populacia ganixileba, rogorc orga-
nizaciis yvelaze dabali done. bunebaSi 
donis garda arsebobs maRali megaeko-
logiuri sistema _ biosfero, romelic 
mdgradi, Ria, TviTorganizebadi siste-
maa.

cocxal organizmTa mravalfe-
rovnebas da maT Soris kavSirs yuradReba 
miaqcia Jan batist lamarkma. man 1809 wels 
geoqimiuri ideis msjelobisas gamoiye-
na termini `biosfero~. ise rogorc la-
markis evoluciis Teoria, aseve biosfe-
roc ar gaxda mecnierebaSi popularuli. 
mogvianebiT 1875 wels cnobilma avstri-
elma geologma eduard ziusma Tavis 
naSromSi alpebis warmoSobaSi gamoiyena 
termini `biosfero~. iseve rogorc la-
markis, arc ziusis gamoyenebul termins 
ar mohyva mecnieruli daintereseba. 1926 
wels rusulad da 1929 wels frangulad 
qveyndeba minerolog v. vernadskis ori 
leqcia. leqciebSi ganxiluli koncefcia 
biosferoze, romelic dRes gaziare-
bulia, ZiriTadad eyrdnoba vernadskis 
ideebs.

biosfero, dedamiwis geologiuri 
garsia, romelic dasaxlebulia cocxali 

sur. 9.15. gauzes eqsperimenti
1 – konkurenciaSi gamarjvebuli saxeoba
2 _ konkurenciaSi damarcxebuli saxeoba

sur. 9.16. organizmTa gavrceleba biosferoSi: 1 _ ozonis Sre; 
2 _ Tovlis safari; 3 _ niadagi; 4 _ mRviveebis cxovelebi; 5 
_ baqteriebi navTobis sabadoebSi; 6 _ fskeris cxovelebi.
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organizmebiT. biosferos aseTi ganmar-
teba warmoSobs kiTxvebs da Txoulobs 
dazustebas. dedamiwis maRali simaRli-
dan aRebul haers Tu gavatarebT fil-
trSi, masSi aRmoCndeba baqteriis da 
sokos sporebi. amas `aeroplanqtons~ 
uwodeben, magram masSi aRmoCenil or-
ganizmebs aqtiur metabolizmis unari 
ar gaaCnia. dedamiwaze arsebobs dabali 
temperaturiani da maRal temperatu-
riani anda mSrali regionebi, romelSic 
arsebuli organizmebi agreTve ver arse-
boben aqtiur metabolizms. am adgileb-
Si yovelTvis SeiZleba sporebis povna. 
rasakvirvelia, es ar vrceldeba ada-
mianebze, romelsac SeuZlia saTanado 
aRWurvilobis gamoyenebiT gadalaxos 
temperaturis rogorc maRali, ise daba-
li SemzRudveli faqtori. dRes cocxal 
organizmebs SeuZliaT iarsebon Sors bu-
nebriv biosferodan kosmosur xelovnur 
TanamgzavrebSi an skafandrebSi. aseTi 
xelovnurad Seqmnili saarsebo garemo SeiZleba warmovidginoT, rogorc nawili bunebrivi biosfe-
rosi da droebiT Setanili kosmosSi.

biosferoSi arsebobs oTxi ZiriTadi saarsebo garemo: wylis, xmeleT-haeris, niadagisa da me-
oTxe Seqmnili TviTon cocxal organizmebisagan (sur. 9.16). saarsebo garemos Seqmnas xeli Seuwyo 
samma pirobam. pirveli _ biosfero ganuwyvetliv Rebulobs did nakads mzis energiisas, meore _ 
biosferoSi arsebobs didi raodenobiT Txevadi wyali, mesame _ biosferoSi nivTierebebi arsebobs 
Txevad, myar da gazur mdgomareobaSi.

biosferos evolucia. biosferos 
evolucia mimdinareobda da dResac gr-
Zeldeba sami urTierT mWidrod damoki-
debul faqtorTa zemoqmedebiT:

dedamiwaze mimdianre fiziko-qi-
miuri gardaqmnebi;

cocxal organizmTa biologiuri 
evolucia;

adamianTa sazogadoebis samec-
niero-teqnikuri progresi. noosferos 
Seqmna.

organizmebis cxovelmoqmedebam 
Secvala da cvlis dedamiwis qerqsa da 
atmosferos. cocxal organizmTa mce-
nareulma nawilma miliardobiT wlebis 
manZilze gawminda atmosfero naxSi-
rorJangisagan da gaamdidra JangbadiT. 
naxSirbadi moeqca kirqvebSi, qvanaxSirsa 
da navTobSi. biosferoSi nivTierebaTa 
cirkulaciis tempi naCvenebia suraTze 
(sur. 9.17).

yvela araorganuli naerTebis mi-
Reba, rogorc saWiroa organizmTa si-
cocxlisaTvis xdeba atmosferodan da 
dedamiwis qerqidan (sur. 9.18). qerqSi 
arsebobs 92 bunebrivi elementi. ele-
mentebi arseboben mineralebis formiT. 
mineralebi ewodeba or an met bunebriv 
araorganul naerTTa SenaerTs konkre-
tuli masiT. magaliTad, kvarci (SiO

2
) da 

sur. 9.17. nivTierebaTa cirkulaciis tempi biosferoSi

sur. 9.18. biosferoSi arsebul zogierT araorganul niv-
TierebaTa masa. histogramiT naCvenebia biosferos erT 
heqtarze arsebuli nivTierebis masa kilogramebSi.
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kalciti (CaCO
3
).

yvela cocxali organizmis erToblioba Sead-
gens biosferos cocxal nivTierebas anu biomasas. 
dRes biosferos biomasa aris daaxloebiT 2,5 tri-
lioni tona mSrali masa. am masis 99% Seqmnilia mwvane 
mcenareebiT. sufTa yovelwliuri produqtiuloba 
biosferosi, romelic warmoiqmneba axal organul 
masalisagan aris 10%, anu 150-200 miliardi tona 
mSrali nivTiereba. es niSnavs, rom planetis biomasis 
1% anu (20 miliardi tona) erTi wlis ganmavlobaSi 
gadaamuSavebs Tavis wonasTan SedarebiT daaxloe-
biT 8-10 jer met masas.

Cvens planetaze sicocxle arsebobs okeanis 
fskerze 11 500 metrze zRvis donidan. sicocxle ar-
sebobs zRvis donidan maRla 8  839 metrze himalais 
mTebSi. ekologebs aRmoCenili aqvT dedamiwis zeda-
piridan 80 kilometrze mosvenebis mdgomareobaSi 
arsebuli mikroorganizmebi. Tu gaviTvaliswinebT 
imas, rom deadmiwis radiusi 6 400 kilometria, xolo 
atmosferos Sris sisqe 288 km gamodis, rom biosfero 
warmoadgens 1%-ze naklebs planetis mTliani masis. 
biosferos geologiuri moculoba Seadgens 4%-ze 
mets, dedamiwis saerTo moculobis.

adamiani biosferodan yovelwliurad Rebu-
lobs daaxloebiT 1 200X106 t mcenareul da 90X106 t 
cxovelur sakvebs. 

biosferos struqtura. dedamiwaze arCeven 
sam gansxvavebul sferos. atmosferos (haeris), hi-
drosferos (wylis) da liTosferos (myars). dedami-
wis sferoebi sqematurad warmodgenilia suraTze 
(sur. 9.19).

atmosfero _ haeris fena, iwyeba liTosferos 
da hidrosferos zedapiridan da vrceldeba verti-

kalurad 100 km-mde. is planetis periferiuli fenaa. warmoadgens bunebriv narevs azotis 78,09%-s, 
Jangbadis 20,95%-s, argonis 0,93%-s, naxSirorJangis 0,03%-s. danarCeni inertuli airebia wyalbadi, 
ozoni, azotis Jangeulebi, amiaki, meTani, gogirdovani anhidridebi da sxv.

atmosferos qveda Sres, romlis simaRle saSualod 15 km-ia ewodeba troposfero (berZ. `tro-
pe~ _ cvlileba). troposfero Seicavs haerSi arsebul wylis orTqls. troposferos zeviT aris 
stratosfero (berZ. `stratum~ _ Sre), romlis simaRle 100 km-mdea, mis sazRvarze warmoiqmneba Cr-
diloeTis ciali.

stratosferos fenaSi 10-15 kilometris farglebSi Tavisufali orvalentiani Jangbadi mzis 
radiaciis gavleniT gadaiqceva samvalentian ozonad (O2 _ O3). ozoni (berZ. suniani) qimiurad didi 
reqtulobiT gamoirCeva da toqsikuria. ozoni dedamiwas axvevia da qmnis ozonis ekrans. ekrani po-
lusebTan 7-8 km-iT, ekvatorTan 17-18-iT aris daSorebuli dedamiwis zedapiridan. ekvatorTan ozo-
nis ekrani zogan 50 km-mdea. ozonis ekrani ireklavs cocxali organizmebisTvis damRupvel kosmo-
sur gamosxivebas da nawilobriv mzis ultraiisfer sxivebs.

pirvelad 1970 wels antarqtidis Tavze aRmoaCines ozonis ekranis xvreli. xvreli yovelwliu-
rad farTovdeboda.

mecnierebma daadgines, rom ozonis xvrelis warmoSobaSi aqtiur rols TamaSobda freoni. fre-
ons farTo gamoyeneba hqonda saRebavebSi da macivrebis muSaobaSi. daiwyo brZola freonis gamo-
yenebis winaaRmdeg. 1987 wels monrealSi 24 qveyanam xeli moawera SeTanxmebas, romlis safuZvelze 
193 saxelmwifos aukrZales freonis warmoeba. freonis gamomuSaveba 97% Semcirda. 2006 wlisTvis 
ozonis ekranis xvreli iyo 29,5 milion kvadratuli kilometri, rac afrikis kontinentis farTobis 
tolia, vinaidan feronis warmoeba sagrZnoblad Semcirda, ekologebi 2050 wlamde ozonis ekranSi 
did cvlilebebs ar elodebian. 

liTosfero (berZ. `liTos~ _ qva) dedamiwis gare myari garsia. masSi arCeven or Sres. zeda 
Sre Sedgeba qanebisa da granitisagan, qveda _ bazaltisagan. Sreebi araTanabradaa ganlagebuli. 
graniti alag-alag miwis zedapirze gamodis. liTosferos siRrme meryeobs 50-200 kilometramde. 
liTosfero Semadgeneli nawilia biosferos garemosi. liTosferos cocxal organizmTa umetesoba 

sur. 9.19. dedamiwis sferoebi
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niadagSia gansaxlebuli.
niadagi mWidrodaa dasaxlebuli 

cocxali organizmebiT. marto Wiayele-
bis biomasa Tixnar niadagSi 2,5 milion in-
divids aRwevs, anu 1,2 tonas 1 heqtarze. 1 
gram niadagSi asobiT milioni baqteriaa. 
wvimisa da damdnari Tovlis wyali amdi-
drebs niadags JangbadiT da xsnis minera-
lur marilebs, xsnarebis nawili niadagSi 
kavdeba, nawili ki mdinareebsa da okea-
neebSi Caedineba. niadagi aorTqlebs ka-
pilarebis gziT amosul gruntis wyals. 
xdeba xsnarebis moZraoba da marilebis 
gamoyofa niadagis sxvadasxva horizint-
Si.

niadagSi mimdinareobs airTa cvlac. RamiT airebis gacivebisa da SekumSvis gamo niadagSi 
garkveuli raodenobiT Sedis haeri. haeris Jangbads STanTqaven cxovelebi da mcenareebi. igi Se-
dis agreTve qimiur naerTTa SemadgenlobaSi. haerTan erTad niadagSi SeRweul azots STanTqavs 
zogierTi baqteria. dRisiT niadagis gaTbobis gamo iqidan gamoiyofa airebi: naxSirorJangi, gogir-
dwyalbadi, amiaki. niadagSi mimdinare yvela procesi CarTuli biosferos nivTierebaTa mimoqcevaSi. 

hidrosfero _ dedamiwis wylis garsia, romelic wyvetilad aris ganawilebuli liTosfe-
roSi. is warmoadgens okeaneebis, zRvebisa da xmeleTis zedapiruli wylebis erTobliobas. farTo 
gagebiT, moicavs agreTve miwisqveSa wylebs, arqtikisa da antarqtikis yinulsa da Tovls, agreTve 
atmosferoSi da cocxal organizmebSi arsebul wyals.

wylis ZiriTadi raodenoba (95%) moTavsebulia msoflio okeaneSi. msoflio okeanes uWiravs 
dedamiwis zedapiris 70% da moicavs 1 300 milion km3 wyals. xmeleTis zedapiris (tbebi, mdinareebi) 
moicavs 0,182 milion km3 wyals. cocxal organizmebSi wyali mxolod 0,001 milion km3-ia. wylis marags 
24 milion km3 raodenobiT Seicavs yinulebi.

didi mniSvneloba aqvs biosferosTvis gaxsnil Jangbadis da naxSirorJangis gazebs, romelTa 
Semcveloba meryevia. maTi raodenoba damokidebulia temperaturaze da wyalSi arsebul cocxal 
organizmebze. wyalSi naxSirorJangis Semcveloba SedarebiT atmosferosTan 60-jer metia.

hidrosferos formireba gamoiwvia liTosferos ganviTarebam. liTosfero geologiuri 
istoriis manZilze gamoyofda didi raodenobis wylis orTqls. wylis aorTqleba dResac grZelde-
ba. wylis wrebrunva biosferoSi sqematurad naCvenebia suraTze (sur. 9.20).

wyals aqvs organizmebis sicocxlisaTvis mniSvnelovani Tvisebebi. misi maRali Tbotevadobis 
gamo okeaneebisa da zRvebis temperatura wlis ganmavlobaSi mkveTrad ar icvleba. wylis Tbogamta-
roba 20-jer metia haeris Tbogamtarobaze. okeaneebi iyineba mxolod polusebTan, magram yinulis 
qveS mainc arseboben cocxali organizmebi.

wyali kargi gamxsnelia. okeanis wylis SemadgenlobaSi Sedis mineraluri marilebi, romlebic 
daaxloebiT 60 qimiur elements Seicavs. masSi gaxsnilia haeridan Sesuli Jangbadi da naxSirorJangi, 
rasac gansakuTrebuli mniSvneloba aqvs mcenareebisa da cxovelebis sicocxlisaTvis. wylis cxo-
velebi sunTqvis dros gamoyofen naxSirorJangs, xolo wyalmcenareebi fotosinTezis dros wyals 
amdidreben JangbadiT. okeanis wylis fizikuri Tvisebebi da qimiuri Semadgenloba

sakmaod mudmivia da sicocxlisaTvis xelsayrel garemos qmnis. wyalmcenareuli fotosin-
Tezi mimdinareobs umTavresad wylis zeda SreSi 100 metris siRrmeme. okeanis zedapiris mTeli es 
Sre savsea erTujrediani mikroskopuli wyalmcenareebiT, romlebic warmoqmnian planqtons (berZ. 
`planqtos~ _ moxetiale).

mTel planetaze mimdinare fotosinTezis daaxloebiT 1/3 okeaneze modis. okeanis zedapiru-
li Sris wyalmcenareebi mzis energiis qimiur energiad gardaqmnis transformatorebia.

plaqtons upiratesi mniSvneloba aqvs okeanis cxovelTa samyaros warmomadgenelTa kvebi-
saTvis. wyalmcenareebiT ikvebebian niCabfexiani kiboebi. kiboebs Wamen qaSayebi da sxva Tevzebi. Ta-
vis mxriv, qaSayebi mtacebeli Tevzebisa da Toliebis sakvebia. ulvaSebiani veSapi mxolod planqto-
niT ikvebeba.

planqtonisa da Tavisuflad mcuravi cxovelebis garda, okeaneSi bevria iseTi organizmic, 
romlebic an mimagrebuli arian fskerze, anda daxoxaven masze. fskerze binadar organizmebs ewode-
ba benTosi (berZ. `benTos~ _ siRrmiseuli).

msxvili wyalmcenareebi izrdeba okeaneebsa da zRvebis napirebTan sxvadasxva siRrmeze: mwvane 
wyalmcenareebi 50-100 metramde; wabla wyalmcenareebi _ fukusebi, laminariebi 100-150 metramde; 
wiTeli porfira da sxva _ 200 metramde. bevri maTgani didi zomisaa: laminariebi _ 12 metramde, 

sur 9.20. wylis wrebrunva biosferoSi
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xolo zogjer 22 metramdec; makrocistisebi _ 50 metramde. wyalmcenareebis bardebi savsea yovel-
gvari cxoveliT. sxvadasxva saxeobis wyalmcenareebis raodenoba polusebidan ekvatorisaken matu-
lobs.

okeaneSi SeimCneva organizmebis grovebi: planqtonuri, sanapiro da fskruli. cocxal gro-
vebs miekuTvneba agreTve marjnis koloniebic, romlebic kunZulebsa da rifebs warmoqmnian. okea-
neebSi biomasa ZiriTadad gafantulia. wylis udides masaSi dacuraven Tevzebi, zRvis ZuZumwovrebi, 
kalmarebi.

okeaneSi, gansakuTrebiT mis fskerze, gavrcelebulia baqteriebi, romlebic nivTierebis nar-
Cenebs gardaqmnian araorganulad. mkvdari organizmebi nel-nela ileqebian okeanis fskerze, bevri 
maTgani dafarulia kaJovani an kiriani garsebiT, agreTve, kiriani niJarebiT. okeanis fskerze isini 
warmoqmnian danaleq qanebs, magaliTad, im zRvis adgilze, romelic 100 milioni wlis winaT faravda 
centralur evropas, miwaSi pouloben kirqvebs, carcs. masSi SeiZleba vnaxoT uZvelesi cxovelebis 
(fesvfexianebi da sxv.) mikroskopuli niJarebi.

msoflio okeaneSi cocxali biomasa 1000-jer naklebia, vidre xmeleTze, okeanis farTobze 
mzis energiis gamoyeneba 0,04%, xolo xmeleTze _ 0,1% Seadgens. okeane arc ise mdidaria cocxali 
organizmebiT, rogorc es axlo warsulSi egonaT.

amJamad bevr qveyanaSi wydeba problema okeanidan mtknari wylis, liTonebis mopovebisa da 
agreTve misi sakvebi resursebis ufro srulad gamoyenebis Sesaxeb. amasTan erTad gansakuTrebuli 
yuradReba eqceva metad Zvirfasi cxovelebis dacvis saqmes.

hidrosfero Zlier gavlenas axdens mTel biosferoze, xmeleTisa da okeanis zeadpiris gaT-
bobis dReRamuri da sezonuri ryeva iwvevs atmosferoSi siTbosa da tenis cirkulacias da gavlenas 
axdens mTel biosferoSi haersa da nivTierebaTa mimoqcevaze.
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10.1. anTropogenuri zemoqmedeba biosferoze

adamiani gansxvavdeba biosferoSi arsebul yvela cocxali organizmebidan imiT, rom igi ki ar 
egueba evoluciurad Camoyalibebuli garemos, aramed cdilobs biosfero gamoiyenos Tavis sasar-
geblod.

kacobrioba biosferos didi biomasa ar aris, magram igi masze udides zegavlenas axdens. kaco-
briobis moqmedebis masStabebi TandaTan farTovdeba imis wyalobiT, rom ganuwyvetliv matulobs 
adamainTa ricxvi da izrdeba miswrafeba bunebriv garemoze samecniero-teqnikuri zemoqmedebis da-
saCqareblad.

paleoliTSi adamiani ar ereoda biosferoSi mimdianre nivTierebaTa bunebriv wrebrunvaSi. ne-
oliTis dasawyisSi 5-6 aTasi wlis winaT Cvens welTaRricxvamde, dedamiwis mosaxleobis raodenoba 
10 milions ar aRemateboda. dRes ki mosaxleobis raodenobam 7 miliards gadaaWarba.

bunebaTsargeblobis procesSi kacobriobas Cvens planetaze yovelwliurad brunvaSi aqvs 4 
trilion tonaze meti nivTiereba; qmnis aTobiT axal qimiur naerTs, romelTa umetesi nawili ar er-
Tveba nivTierebaTa biogenur mimoqcevaSi da saboloo jamSi grovdeba biosferoSi. rac mis gaWuWyia-
nebas iwvevs. samrewvelo obieqtebis moqmedebis Sedegad WuWyiandeba bunebrivi garemo, mcirdeba 
mzis radiaciis done did geografiul regionebze.

biosferos ganviTarebaSi dadga iseTi periodi, rodesac adamianma Tavisi sameurneo Sroma-
saqmianoba ise unda dagegmos, rom ar daarRvios ekosistemaSi Camoyalibebuli kanonzomierebani da 
xels ar uwyobdes biomasis Semcirebas. unda moxdes gaanalizeba erT mniSvnelovan kanonzomiere-
bis, biosfero arsebobda da iarsebebs adamiansi gareSe, magram adamiani biosferos gareSe ver iar-
sebebs.

xmeleTis biomasaze did gavlenas axdens adamiani. misi uSualo zemoqmedebiT mcirdeba bioma-
sis mawarmoebeli farTobebi. amitom, saWiroa mrewvelobisa da soflis meurneobisaTvis raciona-
lurad gamoviyenoT miwa da wyalsatevebi.

zRvaSi navTobis mopoveba, tankerebiT misi gadazidva da adamianis sxva saxis saqmianoba mso-
flio okeanis gaWuWyianebas iwvevs da amcirebs mis biomasas. saWiroa zomebis miReba wylis gaWuWyia-
nebis dasacavad.

biosferom yvelaze ufro mniSvnelovani cvlilebebi maSin ganicada, rodesac deadmiwaze ada-
miani gaCnda. geologiuri TvalsazrisiT, drois sul mcire monakveTSi mrewvelobis, mecnierebisa 
da teqnikis mZlavrad ganviTarebam sagrZnoblad xeli Seuwyo biosferoSi elementTa biologiuri 
migraciis daCqarebas. adamianma aTeul aTasobiT xexilisa da cxovelsi axali jiSi gamoiyvana. igi 
Tavisi moRvaweobiT aCqarebs bunebaSi saxeobaTa evolucias, scvlis organul samyarosa da bunebriv 
garemos.

adamiani didi xnis ganmavlobaSi uSualod damokidebuli iyo garemomcvel bunebaze. adamia-
ni, tvinis ganviTarebasTan erTad, TviTon gaxda dedamiwaze Semdgomi evoluciis mZlavri faqtori. 
adamianis mier sxvadasxva saxis energiis _ meqanikuri, eleqtronuli da atomuri _ dauflebam xeli 
Seuwyo dedamiwis qerqisa da atomTa biogenuri migraciis sagrZnoblad Secvlas. qvis iararebis ga-
moyeneba grZeldeboda aseul aTasobiT wels, xolo qvis saukunidan atomur saukunemde gavida mxo-
lod ramdenime aTaswleuli Tavisi arsebobis manZilze kacobriobam moipova daaxloebiT 50 miliar-
di tona qvanaxSiri, 2 miliardi  tona rkina da milioni tonobiT sxva liTonebi. adamianis saqmianobis 
Sedegad elementebis sul ufro meti ricxvi Sedis biosferos atomTa migraciaSi. es gansakuTrebiT 
gamovlinda omis dros, roca omebis warmoebis yoveli weli moiTxovda aTeul milionobiT tona rki-
nas, folads, cements, navTobs, aseul milionobiT tona qvanaxSirs da sxv.

amitom, rodesac vsaubrobT ekologiur saarsebo garemoze aucilebelia gaviTvaliswinoT is 
cvlilebebi romelic xdeba garemoSi adamianis aqtiuri CareviT. kacobrioba valdebulia gaufrTxil-
des da gonivrulad moixmaros is bunebrivi resursebi, romlebic klasificirebulia cxrilSi 10.1. 



234.

Tavi  10

1927 wels e.leruam da pier teiar de Sardenma 1930 wels Semoitanes termini `noosfero~ (berZ. 
noos _ azri, sfaiza _ sfero) qarTulad azris sfero. noosferoze sainteresod wers pier teiar de 
Sardeni: `raoden Wkuis saswavlia (Tu danaxvis unari gvaqvs) imis konstatacia, Tu universaluri da 
xangrZlivi mzadebis Sedegad, ra SeumCnevlad moxda iseTi grandiozuli movlena, rogoricaa Cveni 
noosferos warmoeba. adamiani uxmaurod Semovida samyaroSi ...~

marTalia pier tear de Sardeni, rom adamiani uxmaurod Sevida noosferoSi, magram misma saq-
mianobam didi ubedureba moutana kacobriobas. gavixsenoT 1945 wlis iaponiis or qalaqSi afeTqebu-
li atomuri bombis Sedegebi. amas emateba atomuri iaraRis gamocdis mravali afeTqebebi. ris Sede-
gadac moxda atmosferos radiaqtiuri dabinZureba.

cxrili 10.2.
adamianis bunebasTan urTierTobis tipebi

 midgoma  arsi  mizani

utilitaruli
Bbunebis praqtikuli da materialuri 
eqsploatacia

fizikuri usafrTxoebis uzrunve-
lyofa

naturalisturi
bunebasTan uSualo kontaqtiT moTxovni-
lebaTa dakmayofileba

cnobismoyvareobis ganviTareba

Eekologiur-mecnieruli
struqturis, funqciisa da urTierTobis 
sistematikuri Seswavla bunebaSi

Secnoba, gageba da dakvirvebis 
ganviTareba

esTetikuri Bbunebis silamazis SegrZneba Ddaculobis grZnobis gamomuSaveba

simboluri
Bbuneba, rogorc enisa da metaforuli 
azrovnebis wyaro

gonebrivi SesaZleblobebis ganvi-
Tareba

humanuri
Bbunebis siyvaruli da emociuri mijaWvu-
loba

kavSiri, daxmareba, TanamSromloba 
da ganmartoeba

zneobrivi
bunebasTan naTesaobis pasuxismgeblobis 
gancda

sulieri axloblobisa da cxovre-
bis miznis gamomuSaveba 

mkacri
bunebaze upiratesobisa da patronobis 
grZnoba

Mmeqanikur CvevaTa gamomuSaveba da 
damorCilebis survili

negatiuri Bbunebis Sejavreba da misgan gaqceva uSiSroba, dacva

cxrili10.1. 
adamianis mier gamoyenebuli bunebrivi resursebi
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atomuri bombebis gamocda da atomuri energiis gamoyenebaze dafuZnebul sawarmoTa narCene-
bisadmi upasuxismgeblo damokidebuleba iwvevs haeris, wylisa da niadagis radiaqtivobis gadidebas. 
radiaqtivoba vrceldeba kvebis jaWviT rogorc okeaneSi, ise xmeleTze. radiaqtivoba pirvel rigSi 
azianebs planqtonsa da fskerze binadar cxovelebs. planqtonidan ki kvebis jaWviT igi gadaecema 
sxvadasxva Tevzs, TevziT mkvebav frinvelebs. radiaqtvoba xmeleTze gadaaqvT. narCenebis lpobi-
sas radiaqtivoba baqteriebs gadaecema. Zvlis tvinSi radiaqtiuri nivTierebebis dagroveba iwvevs 
sisxlis gaTeTrebas, kiboTi daavadebas. haeris, wylis da niadagis mometebulma readiaqtiurobam da 
sxvadasxva cocxal organizmSi misma akumulaciam SeiZleba mcenareebSi, cxovelebsa da adamianebSi 
sicocxles unarmoklebuli da daavadebuli individebis masobrivi gaCena gamoiwvios, agreTve daa-
maxinjos mcenareebi, cxovelebi da adamianebi. bevri aseTi daavadeba da simaxinje memkvidreobiT 
gadaecema.

1992 wels rio-de-JaneiroSi gaerTianebuli erebis egidiT Catarda konferencia `garemo da 
ganviTareba~. konferenciaze, ekonomikuri zrdis problemasTan erTad, pirvelad civilizaciis 
istoriaSi ganxilul iqna adamianTa sameurneo moRvaweobis Sedegebi Cvens planetaze. Sedegebi Sema-
SfoTebeli aRmoCnda. konferenciis masalebSi konstatirebulia, rom planeta moicva globalurma 
ekologiurma krizisma. garemos degradacia elodeba. dRes kacobrioba dgas TviTamowyvetis zR-
varTan. mecnierTa prognoziT, Tu ar Catarda kardinaluri RonisZiebebi, 30-40 wlis Semdeg kaco
brioba daiwyebs planetidan swraf gaqrobas. codniT SeiaraRebulma adamianma gaanadgura garemo 
da mowamla sakuTari saarsebo pirobebi. kacobriobis am mdgomareobamde misvlis ZiriTadi mizezi 
Cveni civilizaciis usulobaa. adamianma Tavisi evoluciis grZel gzaze mWidro kavSiri daamyara 
cocxal bunebasTan _ rogorc mcenareul safarTan, ise cxovelTa samefosTan. kulturuli da sa
mecniero-teqnikuri progresis Sedegad adamianis urTierToba cocxal bunebasTan dairRva. Cveni 
planetis mosaxleobis didi nawili bunebas teleekranisa da kompiuterebis saSualebiT aRiqvams. 
iqmneba STabeWdileba, TiTqos adamians daaviwyda, rom igi Cveni biosferos Svilia. mas aRar aqvs im 
biosferos siyvaruli, romelmac arsebobis saSualeba misca. adamiani angrevs biosferos. am daman-
greveli procesis SesaCereblad biolog-evolucionistma, harvardis universitetis profesorma 
eduard uilsonma gamoiyena termini `biofilia~, romelic, fromis mixedviT, aris nebismieri coc-
xalis moyvaruli pirovneba. biofilis mimdevrebma Camoayalibes adamianis bunebaTan urTierTobis 
cxra tipi (cxr. 10.2).

10.2 bioteqnologia da ekologiuri problemebi

ekologiuri problemebis gadaWraSi Tanamedrove bioteqnologia mniSvnelovan rols asru-
lebs. bunebrivi resursebis deficitma da mosaxleobis ricxovnobis araprognozirebulma zrdam 
bioteqnologiis ganviTareba ganapiroba. bioteqnologiiT globaluri ekologiuri problemebis 
gadaWraa SesaZlebeli, kerZod, sakvebi produqtebis, sawvavisa da mineraluri resursebis defici-
tis daZleva, janmrTelobis sistemis gaumjobeseba da garemos gajansaReba, maT Soris, wylis, niada-
gisa da atmosferos dacva daWuWyianebisagan. bioteqnologiis aqtualoba kacobriobis bunebrivi 
(naturaluri) biologiuri produqtebiT uzrunvelyofas ukavSirdeba. 

Tanamedrove bioteqnologia teqnikur da biologiur mecnierebaTa integraciis Sedegad Ca-
moyalibda. igi mWidrodaa dakavSirebuli molekulur da ujredul biologiasTan, molekulur ge-
netikasa da bioqimiasTan, aseve bioorganul qimiasTan. ganviTarebis mokle periodSi bioteqnolo-
giam did warmatebebs miaRwia, warmoebis sxvadasxva sferosa da saxalxo meurneobaSi biologiuri 
procesebis danergvisa da organizmebis gamoyenebis farTo SesaZlebloba dasaxa. 

bioteqnologiur procesebs adamiani uxsovari droidan iyenebda. man veluri safuvridan kul-
turuli formebi gamoiyvana, romelsac puris, ludisa da Rvinis dasamzadeblad iyenebda. aRsani-
Snavia agreTve rZidan bioteqnologiuri meTodebiT mawvnis, kefiris, yvelisa da sxva produqtebis 
miReba. CamoTvlil procesTa mecnieruli safuZvlebis SemuSaveba l. pasteris damsaxurebaa.

Tanamedrove bioteqnologiis efeqturi ganviTareba damokidebulia masze, Tu mkvlevarebi 
ramdenad gaiTvaliswineben ekologiis kanonzomierebebs. upirveles yovlisa, bioteqnologia unda 
emsaxurebodes biologiur kanonebze dayrdnobiT, globaluri ekologiuri problemebis mogva-
rebasa da gadaWras. es bioteqnologiis yvela mimarTulebas Tanabrad exeba, kerZod, ekologiu-
rad sufTa produqtebis, samkurnalo preparatebis, imunobiologiuri modulatorebis miRebas, 
maRalproduqtuli, usafrTxo genetikurad modificirebuli organizmebis Seqmnasa da miRebuli 
produqtebis gamoyenebas (simindi, kartofili, soia, pomidori da sxv.). Tanamedrove bioteqnolo-
giis erT-erTi mizania uxvmosavliani, mavneblebisadmi rezistentuli da adamianisaTvis sasarge-
blo biologiurad aqtiuri nivTierebebis Semcveli jiSebis konstruireba. amasTanave arsebos eWvi, 
rom am gziT miRebuli zogierTi produqti uaryofiTad imoqmedebs adamianis janmrTelobaze (mag., 
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gamoiwvevs alergiul reaqcias). am saxis produqtTa usafrTxoebis Sefaseba did dros moiTxovs. 
WeSmaritebis dadgenamde ki prevenciuli zomebis gatarebaa saWiro, kerZod, bavSvebma da repro-
duqciuli asakis qalebma transgenuri produqti sakvebad ar unda gamoiyenon. 

memkvidruli Tvisebebis Secvlis meTodebi. adamiani uxsovari droidan cvlida Sinaur cxo-
velTa da kulturul mcenareTa genetikur struqturas da axali jiSebi gamoyavda. maT Secvlas 
adamiani martivi da xelmiswvdomi meTodebiT _ hibridizaciiTa da xelovnuri gadarCeviT axden-
da. Tanamedrove bioteqnologiuri meTodebiTac axdenen genetikuri struqturis rekonstruqcias, 
magram mas mcire ram aqvs saerTo adre gamoyenebul meTodTan. Tanamedrove bioteqnologia genur 
da ujredul inJinerias efuZneba. maTi gamoyenebiT SesaZlebelia biologiis, medicinisa da soflis 
meurneobis mTeli rigi rTuli problemebis gadaWra. bioteqnologiis klasikuri obieqti aris mi-
kroorganizmebi, romelTa gamoyenebiT genetikis, bioqimiisa da molekuluri biologiis fundamen-
tur problemebs ikvleven.

genuri inJineria
nukleinis mJavebze manipulirebis axali meTodebis SemuSavebam xeli Seuwyo genuri inJineri-

is Camoyalibebas. genuri inJineria aris genetikisa da molekuluri biologiis MmeTodTa erTo-
blioba, romlis meSveobiT Rebuloben rekombinantul rnm-sa da dnm-s, axdenen genTa SeTanwyo-
bis konstruirebas, romelic wesisamebr bunebaSi ar gvxdeba. meTodis arsi SemdegSi mdgomareobs: 
romelime organizmis ujredidan gamoyofen saintereso moqmedebis gens da aTavseben specifikuri 
dnm-is molekulaSi (veqtorSi). am molekulas aqvs sxva organizmis ujredSi SeWrisa da avtonomiu-
rad gamravlebis unari. donor ujredSi Seyvanil ucxo gens normaluri eqspresis pirobebs uqmnian. 
genetikaSi adre gamoyenebuliuli meTodebidan, romlebiTac genotips cvlidnen (mag., poliploi-
dis induqcia mcenareebSi), genuri inJineria principulad gansxvavdeba. misi saSualebiT SesaZlebe-
lia in vitro (,,sinjaraSi‘‘) funqciurad aqtiuri genetikuri struqturebis _ rekombinanturi dnm-is 
molekulebis konstruireba. xSirad termins ,,genuri‘‘ da ,,genetikuri” inJineria sinonimurd xmaro-
ben, magram es ukanaskneli, rogorc genebze, ise genomis msxvil struqturebze manipulirebasac gu-
lisxmobs. hibridizaciis gziT mcenareTa da cxovelTa genomis cvlilebis SesaZlebloba SezRudu-
lia. reproduqciuli saizolacio meqanizmebiT izRudeba gansxvavebul saxeobaTa Sejvareba. genuri 
inJinerisaTvis amdagvari barieri ar arsebobs. SesaZlebelia, filogenezurad mkveTrad dacilebu-
li formebidan, genTa axali kombinaciebis mflobeli iseTi organizmis konstruireba, romelic bu-
nebaSi saerTod ar gvxvdeba. 

genur inJinerias safuZveli 1972 wels p. bergma da misma TanamSromlebma Cauyares. MmaT filoge-
nezurad dacilebuli formebis, kerZod, maimunis onkovirusis, baqteriofagisa da nawlavis Cxiris 
(E. coli) dnm-idan in vitro rekombinantuli molekulis konstruireba SeZles. s. koenma bayayis oociti-
sa da Tagvis mitoqondriis dnm-dan in vitro rekonstrirebuli rekombinanturi dnm transformaciis 
gziT Seiyvana E. coli-is ujredSi, sadac ,,qimeruli‘‘ dnm-is transkripcia ganxorcielda.

restriqciuli fermentebi. XX s. Sua wlebSi fagis gamravlebis Seswavlisas gamoavlines 
dnm-is restriqcia-modifikaciis movlena. baqterias moepoveba (struqturis damcveli) fermente-
bi _ restriqtazebi, romlebic amoicnoben ujredSi SeWril ucxo (fagis) dnm-s da mis restriqcias 
(degradacias) axdenen. baqteriaSi SeWrili fagis dnm veRar funqcionirebs da virusisadmi rezi-
stentulia. 

genur inJineriaSi fermentebs _ restriqtazebs farTod iyeneben. restriqtaza orjaWviani 
dnm-is specifikur ubnebs _ Tanamimdevrobebs (4-6 nukleotiduri wyvili-n.w.) amoicnobs da xleCs. 
restriqciuli fermentebi (endonukleazebi) genuri inJineriis mTavari instrumentia. endonu-
kliaziT dnm-is damuSavebas restriqcia ewodeba.

genebis miRebis meTodebi. klonirebisaTvis saWiro sasurvel genebs sami gziT moipove-
ben. SesaZlebelia genis miReba uSualod bunebrivi wyarodan _ individidan. igi yvelaze Zveli da 
nacadi mimarTulebaa. dargis ganviTarebis adreul etapze am gziT Rebulobdnen genebs da maT banks 
qmnidnen. organizmidan (romelsac gaaCnia manipulaciisaTvis sasurveli struqturuli geni) gamo-
yofen dnm-s, romelsac fermentebiT (endonukliazebiT) fragmentebad Wrian da pouloben dnm-is im 
fragments, romelic sasurvel gens Seicavs. am miamrTulebas mniSvneloba dResac ar daukargavs. 

meore gza aris genis sinTezi. mas mimarTaven maSin, rodesac cnobilia genis pirveladi stru-
qtura (seqvenirebuli geni). genis sinTezi pirvelad g. qoranam (1973-1974 ww.) ganaxorciela. man sa-
fuvris alaninis satrasporto rnm-is genis sinTezi moaxdina. mesame gza aris infonmaciuli rnm-is 
gamoyenebiT Sesabamisi dnm-is monakveTis (genis) sinTezi. amJamad yvelaze popularuli genur inJi-
neriaSi swored es mimarTulebaa. rnm-is Semcveli onkovirusebis gamokvlevisas gairkva, rom speci-
pikuri fermentebi _ ukutraskriptazebi (revertazebi) rnm-dan dnm-is sinTezs axdens. am fermen-
tebis gamoyenebiT nebismieri informaciuli rnm-dan Sesabamisi dnm-is monakveTis (genis) sinTezia 
SesaZlebeli.
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klonirebisTvis saWiro veqtorebi. ge-
nur inJineriaSi mTavari da ZiriTadi sistema aris 
veqtori. igi aris maspinZel-ujredSi avtonomiuri 
replikaciis unaris mqone, dnm-is molekula. veqtors 
rekobinantuli dnm intaqtur ujredSi Seaqvs. pro-
kariotebze samanipulacio veqtorebs bunebrivi 
plazmidebisgan an fagebisgan qmnian. safuarSi gene-
bis klonirebisaTvis Seqmnilia ramdenime repliko-
niani veqtori. mcenareebsa da cxovelebSi am mizniT 
zogierTi saxis viruss iyeneben. veqtori Semdeg 
moTxovnas unda akmayofilebdes: 1. unda iyos mcire 
zomis; 2. unda SeeZlos damoukideblad replikacia; 
3. unda hqondes iseT ubani (restriqciuli), romlis 
amoWra da ucxo genis Casmaa SesaZlebeli; 4. unda ga-
aCndes markeri genebi, romlebic fenotipurad vlin-
deba (sur. 10.1).

intaqtur ujredSi rekombinantuli dnm-is 
SeRwevas, erTi mxriv, TviT ujredis Taviseburebebi 
gansazRvravs, meore mxriv, gamoyenebuli veqtori. 
prokariotul ujredze manipulirebisas veqtorad 
modificirebuli plazmida trasformaciis gziT 
SeyavT ujredSi. adamianis, cxovelisa da mcenaree-
bis qsovilTa kulturis SemTxvevaSi rekombinan-
turi dnm-is gadacemis erT-erTi gza aris somatur 
ujredTa hibridizacia.

arsebiTi mniSvneloba aqvs maspinZeli ujredis 
(donori-ujredi) SerCevas. wesisamebr, cila, rome-
lic saWiro aRaraa an ucxoa ujredisTvis, masSi ar-
sebuli proteolituri fermentebiT iSleba. genmo-
dificirebul ujredSi ucxo cilovani produqti 
rom ar daiSalos, saWiroa am cilisadmi tolerantu-
li ujredTa subpopulaciis gamoyvana. magaliTad, E. 
coli-is genmodifirebuli StamisTvis, mis mierve sin-
Tezirebuli insulini ucxo cilaa. proteolituri 
fermentebiT ucxo, gamousadegi cila-insulini rom 
ar daiSalos amisTvis saWiroa donorad iseTi ujre-
debis SerCeva, romlebSic am saxis fermentebi minima-

luri raodenobiT sinTezdeba.
genuri inJineriis procedura 

Semdeg etapebs moicavs: 1. sasurveli genis 
(struqturuli geni, romlis funqcia cno-
bilia) mqone dnm-is fragmentebis miReba 
anu genis gamoyofa romelime organizmidan; 
2. dnm-is fragmentis moTavseba veqtorSi 
(genis gadamtanSi); 3. rekombinanturi mo-
lekulis Seyvana recipient ujredSi da ge-
nisaTvis stabiluri eqspresiisaTvis piro-
bebis Seqmna (sur. 10.2).

genuri inJineria mniSvnelovan rols 
asrulebs rogorc gamoyenebiT dargebSi, 
ise fundamentur problemaTa kvlevaSi. am 
meTodiT swavloben rogorc genomis or-
ganizacias, ise misi calkeuli nawilis _ 
genis struqturasa da funqcias. genuri 
inJineriiT mecnierebma gamoavlines eukari-
otuli genis mozaikuri (ekzon-intronuli) 
struqtura, genomis migrirebadi elemente-
bi, agreTve ikvleven ontogenezis moleku-
lur meqanizmebs, Seqmnes konkretul or-

sur. 10.1. rekombinanturi dnm-is (r-dnm) miRebis 
Tanmimdevruli sqema. gamoyofili plazmiduri 
dnm-dan restriqtaziT fragmentis amokveTa da 
donori organizmidan gamoyofili dnm-is (genis) 
fragmentis moTavseba.

sur. 10.2. rekombinanturi dnm-is (veqtoris) miRebis Tan-
mimdevruli sqema.
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ganizmTa genebis banki.Fgenur inJinerias 
didi potenciuri SesaZleblobebi gaaCnia, 
misi realizacia Tanamedrove drois da 
momavlis saqmea. (ix. Tavi 7.)

ujreduli inJineria
ujreduli inJineria aris bio-

teqnologiis erT-erTi ZiriTadi meTodi, 
romlis mizania rekonstruqciis, hibri-
dizaciisa da kultivirebis gziT axali 
tipis ujredebis Seqmna. ujreduli inJi-
neria moicavs: sxvadasxva saxis ujredTa 
fragmentebidan sicocxlisunariani 
ujredis rekonstruqcias, gansxvavebuli 
saxeobis individTa ujredebis Serwymas 
(hibridul ujredSi orive sawyisi ujre-
dis genetikuri masalaa gaerTianebuli) 
da sxva operaciebs. ujredul inJineri-
as mimarTaven rogorc Teoriuli pro-
blemebis Sesaswavlad, ise seleqciaSi 
praqtikuli sakiTxebis gadasaWrelad. 

somatur ujredTa hibridizacia. 
somatur ujredebs Serwymisa da hibri-
duli ujredis warmoqmnis unari aqvT. hi-
briduli ujredi orbirTviania. amdagvar 
ujreds heterokarioni ewodeba. xSirad 
kariogamiis Sedegad heterokarionidan 
hibriduli ujredi warmoiqmneba, romli-
danac ujredTa populacia yalibdeba. 

ingliselma mecnierma g. harisma 
(1965) Tagvisa da adamianis somaturi 
ujredebis SejvarebiT miiRi hetero-
karioni. somatur ujredTa amdagvari 
hibridebi miRebulia filogenezurad 

sakmaod daSorebul (samefo, tipi, klasi da misT.) saxeobebSi, kerZod, mcenarisa da cxovelis ujre-
debis SerwymiT. 

am meTodiT miiRes hibridomi (ujreduli xazi), antisxeulis warmomqmneli normaluri da mie-
lomis simsivnuri ujredebis hibridi. hibridoms ganuwyveteli gamravlebis (kibos ujredis Tviseba) 
da antisxeulebis warmoqmnis unari gaaCnia (SeuRlebuli aqvs orive ujredis sasurveli Tviseba)., 
mas monoklonuri (erTgvarovani) antisxeulebis misaRebad iyeneben. 1984 w. monoklonuri antisxeu-
lebis principis aRmoCenisaTvis milSteins, kelersa da ernes nobelis premia mianiWes.

pirvelad mcenareSi somatur ujredTa SerwymiT hibridebi amerikelma mecnierma p. karlson-
ma (1972) miiRo. man Tambaqos sxvadasxva saxeobidan miRebuli protoplastebis (plazmuri membraniT 
Semofargluli ujredis struqtura, mocilebuli aqvs ujredis kedeli) SerwymiT SeZlo hibridu-
li ujredebis, maTgan ki mcenaris miReba. igi sqesobrivi gziT miRebuli hibridebisgan imiT gansxva-
vdeboda, rom gaaCnda orive mSoblis citoplazma. mogvianebiT mecnierebma SeZles iseTi hibridis 
miReba, romelsac erT-erTi mSoblis birTvuli genebi, xolo orive mSoblis citoplazmuri genebi 
hqonda. praqtikuli mniSvneloba aqvs iseTi hibridebis miRebas, romlebsac veluri saxeobebidan 
gadmotanili paTogenebisa da stresuli faqtorebisami rezistentobis genebi, mamrobiTi sterilo-
bis citoplazmur genebs gaaCniaT. protoplastebis SerwymiT jiSebs Rebuloben maSin, rodesac mni-
Svnelovani sameurneo niSnebis mqone saxeobebi erTmaneTs ar ejvarebian.

ujredebis rekonstruqcia. ujredis modifikaciis erT-erTi xerxia genuri inJineriis me-
TodebiT masSi calkeuli genis Setana da genomSi integracia. ujredis genetikur masalaSi aqtiu-
ri genis CaSenebas an dazianebulis Secvlas axdenen. amdagvari meTodologia adamianSi genuri 
daavadebis mkurnalobis perspeqtivas iZleva. ujredis memkvidruli struqturis rekonstruqcia 
SesaZlebelia, agreTve masSi ucxo birTvisa da sxvadasxva organoidis (mitoqondria, qloroplasti) 
gadanergviT. fotosinTezis aqtivaciis erT-erTi gzaa maRalefeqturi qloroplastebis Canergva 
ujredSi. mcenareTa azotovani nivTierebebiT momaragebaSi mniSvnelovan rols Seasrulebs mikro-
organizmebisa da mcenareul ujredTa xelovnuri simbionturi asociaciebi. Cndeba perspeqtiva, 

sur. 10.3. a. foTlis qsovilidan izolirebuli ujredebis 
miReba. ujredebis gamravleba da calkeuli ujredidan sru-
lyofili mcenaris ganviTareba. b. izolirebuli ujredebi. c. 
izolirebuli ujredidan ganviTarebuli mcenareebi
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azotmafiqsirebeli baqteriebis mcenaris ujredSi 
CanergviT, mcenarem SeiZinos atmosferuli azotis 
fiqsaciis unari. ujredis rekonstruirebis nacad 
xerxs warmoadgens sxvadasxva mSoblis citoplazmi-
sa da birTvis SeTanwyoba. am gziT ikvleven cito-
plazmis gavlenas birTvis regulatorul aqtivoba-
ze. 

qsovilTa kultura. xelovnur sakveb areze 
mcenaris, cxovelisa da adamianis organizmidan ga-
moyofili qsovilebis ganviTarebaa SesaZlebeli. 
pirveli cdebi cxovelTa qsovilTa kulturis mi-
saRebad v. rum (1885) Caatara. amJamad adamianisa da 
cxovelis qsovilTa kulturas in vitro-Si aviTare-
ben. amerikelma mecnierma v. robinsma (1922) SeZlo 
pomidvris fesvis meristemuli qsovilis xelovnur 
areze ganviTareba. amJamad mcenaris qsovilebs in vi-
tro-Si anviTareben rogorc myar, ise Txevad xelovnur 
sakveb areze. gansxvavebiT adamianisa da cxovelis 
qsovilTa kulturisagan, mcenareebis qsoviliTa 
kulturisgan normaluri mcenaris regeneracia Se-
saZlebelia (sur. 10.3) 

cxovelis qsovilTa kulturis meSveobiT 
ikvleven ujredTa zrdisa da diferencirebis, hi-
stogenezis, nivTierebaTa cvlis da sxva procesebs 
rac gamoiyeneba adamianisaTvis sasargeblo mravali 
nivTierebis (mag., interferonis) misaRebad. vaqcinis 
miRebis mizniT masze aviTareben virusebs. qsovil-
Ta kultura warmoadgens test-sistemas zogierTi 
nivTierebis (pesticidebi, samkurnalo preparatebi, 
kosmetikuri saSualebebi da sxv.) genetikuri aqti-
vobis gamosavlenad. mcenareTa qsovilTa kultu-
ras iyeneben ujredTa biomasis misaRebad da misgan 
samkurnalo nivTierebebis gamosayofad; mcenareTa 
seleqciaSi axali jiSebis Sesaqmnelad da jansaRi 
mcenaris (ar Seicavs paTogenebs) misaRebad; aseve 
genetikis, fiziologiisa da fitopaTologiis pro-
blemebis Sesaswavlad. 

klonireba aris usqeso gamravlebis Sedegad 
identuri STamomavlobis miReba. kloni ki aris usqe-
so gamravlebis Sedegad warmoqmnili genetikurad 
identuri STamomavloba. klonirebaSi igulisxmeba 
calkeuli ujredis an organizmis genetikurad iden-
turi aslebis damzadebis procesi. kloni mitozis 
(baqteriebSi binaruli gayofiT) Sedegad yalibde-
ba. dediseul ujredSi arsebuli genetikuri masala 
zustad da Tanabrad nawildeba Svileul ujredebSi. 
amitomac miaCnaT, rom klonebs identuri genetiku-
ri masala aqvT. klonTa genetikuri erTgvarovne-
ba pirobiTia. spontanuri mutaciuri procesiT, 
klonTa erTgvarovneba irRveva. gansakuTrebiT ge-
netikuri masalis mcire monakveTebis _ mobilu-
ri elementebis gadaadgileba genetikuri masalis 
(genomis) arastabilobas iwvevs. xangrZlivi droiT 
klonis erTgvarovnebis SenarCuneba SeuZlebelia. 
klonisaTvis niSandoblivi markeruli genebis mixedviT gadarCeviT axdenen klonis SenarCunebas. 
ujredTa klonirebas mimarTaven biologiisa da medicinis Teoriuli da praqtikuli problemebis 
gadasaWrelad. 

usqeso gamravlebis erT-erTi formis _ poliembrioniis dros cxovelebSi (mxedrebi, javSnia-
nebi da sxv.) da adamianSi klonebi Cndebian. am dros embrioni ramdenime nawilad iyofa da TiToeuli 

sur. 10.4. Sotlandielma mecnierma ian vilmut-
ma da misma TanamSromlebma pirvelebma miiRes 
diferencirebuli somaturi ujredidan saqveyn-
od cnobili cxvari saxelad – doli. a.klonirebis 
Sedegad miRebuli cxvari _ doli. b. klonire-
buli cxvris miRebis sqema.. 1. cxovelidan qso-
vilis gamoyofa. 2. somaturi ujredidan birTvis 
gamocalkaveba. 3. ,,recipienti‘‘ cxvridan kver-
cxujredis gamoyofa da misgan mikropipetiT 
birTvis amocla.  birTvamoclil kvercxujredSi  
ucxo (donoris) birTvis Canergva. 4. eleqtrogan-
muxtviT ujredis dayofis stimulireba. 5. “sin-
jaraSi” (xelovnur areSi) Canasaxis ganviTareba. 
6 blastulis stadiaze myofi Canasaxis gadatana 
surogat dedaSi. 7. surogati deda da klonire-
buli batkani doli. 
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maTganisgan organizmi _ monozigoturi tyupebi yalibdeba. moyvanili magaliTi klonis nimuSia, ma-
gram klonirebasTan saerTo araferi aqvs.

XX s. 60-ian wlebSi klonirebis meTodebiT mcenareebi da cxovelebi miiRes. stiuardma stafi-
los calkeuli ujredidan srulyofili mcenaris miReba SeZlo. gordonma dezebiani bayayis birTva-
moclil (eunukleirebul) kvercxujredSi gadanerga zrdasruli bayayis nawlavis epiTelis ujredis 
birTvi da Sedegad srulyofili Tavkombalebi da zrdasruli bayayebi Camoyalibda. gamokvlevebiT 
dadginda, rom embrionuli ganviTarebis adreul etapze birTvebis gadanergva diferencirebis 
procesze gavlenas ar axdens. amdagvari ujredebi totipotenturia. ujredis unars, gayofis gziT 
zrdasruli organizmis nebismier ujredad diferencirdes totipotenturi ewodeba. amdagvar uj-
reds aqvs unari gaimeoros embrionuli ganviTarebis yvela etapi da SeuZlia yvela tipis qsovilis 
Camoyalibeba. formirebadi Canasaxis ujredebi mogvianebiT am Tvisebas kargaven. zogierTi fiziku-
ri da qimiuri faqtoris zemoqmedebiT SesaZlebelia am unaris aRdgena.

pirveli klonirebuli ZuZumwovari cxoveli (cxvari doli) miiRes 1996 wels i. vilmutma da 
k. kempbelma (roslinis instituti, Sotlandia). zrdasruli cxovelis (prototipi cocxali aRar 
iyo, qsovili saTanado wesiT hqondaT Senaxuli) sarZeve jirkvlidan gamoyofili birTvebi 277 eu-
nukleirebul in vitro kvercujredSi moaTavses, saidanac mxolod 29 embrioni ganviTarda. surogat 
dedaSi mxolod erTi embrioni ganvTarda da daibada saqveynod cnobili cxvari _ saxelad doli 
(sur. 10.4) 

gadaSenebuli cxovelis aRdgenis pirveli mcdeloba iyo pirineis mTianeTSi odesRac farTod 
gavrcelebuli mTis Txis – bukardos klonireba. am cxovelis qsovili saTanado wesiT aris Senaxu-
li, romelic klonirebisTvis gamoiyenes. Tikani dabadebis Semdeg filtvebis defeqtis gamo daiRu-
pa, rac xSiria klonirebul cxovelebSi. miuxedavad marcxisa, mecnierebi Tvlian, rom klonirebis 
teqnikis srulyofis Semdeg SeZleben gadaSenebuli cxovelebis aRdgenas.

klonirebis teqnikis gamoyeneba perspeqtiulia mecxoveleobaSi. maRalproduqtuli da sxva 
kargi sameurneo niSnebis mflobeli cxovelidan SeaZlebelia mravali genetikurad identuri asli 
miiRon. aseve am meTodis gamoyeneba did perspeqtivebs saxavs konservaciul biologiaSi. kriobankSi 
daculi qsovilebidan SesaZlebeli iqneba iSviaTi da gadaSenebis winaSe myofi cxovelebis gamrav-
leba da velur bunebaSi populaciis ricxovnobis gazrda. am meTodis gamoyenebiT SeZleben iseTi 
trasgenuri cxovelebis miRebas, romlebsac medicinaSi organoTa (Tirkmeli, RviZli da misT.) do-
norebad gamoiyeneben.

10.3. bioteqnologiis meSveobiT ekologiuri problemebis 
gadaWra 

bioteqnologia da medicina. samedicino bioteqnologiis Zlieri aRmavloba antibiotikebis 
aRmoCenasa da mis warmoebas ukavSirdeba. medicinaSi Tanamedrove bioteqnologias biologiurad 

aqtiuri nivTierebebisa da samkurnalo 
preparatebis Sesaqmnelad mimarTaven. 
samedicino bioteqnologiam rekombinan-
tuli dnm-is (r-dnm) sferoSi didi war-
mateba moipova. r-dnm-is teqnologiiT 
SesaZlebelia baqteriis, safuvrisa da 
cxovelis genomSi adamianis cilis ma-
sinTezirebeli genis moTavseba da reci-
pient ujredSi Sesabamisi cilis sinTezis 
induqcia (sur. 10.5). pol bergma (sten-
fordis universiteti) 1972 wels pirvel-
ma SeZlo am gziT adamianis insulinis sin-
Tezi. SegaxsenebT, rom manamade insulins 
cxovelis pankreasidan iRebdnen. mcire 
gamosavlianobis garda, mis moxmare-
bas Tan axlda gverdiTi movlenebi (mag., 
alergiuli reaqcia). dRes amdagvari 
riski aRar arsebobs, vinaidan pacienti 
adamianisaTvis niSandobliv preparats 
iRebs. 

samedicino bioteqnologiaSi r-
dnm-is teqnologias farTod iyeneben me-

sur. 10.5. genmodificirebul nawlavis CxirSi (E. coli) adami-
anis cilis sinTezi. 1. baqteriidan plazmiduri dnm-is gamoyo-
fa. plazmidis gaxleCa da dnm-is fragmentis amokveTa. 2. Ria 
plazmidaSi adamianis dnm-is fragmentis  (genis) moTavseba. 3. 
rekombinanturi dnm-is (veqtori) miReba. 4. transformaciis 
gziT veqtoris baqteriaSi Setana. 
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dicinaSi. msoflioSi moxmarebis mixedviT, pirveli adgili eriTropoetins uWiravs, momdevno adgi-
li ki insulinsa da interferons. 10-3 cxrilSi CamoTvlilia samkurnalo preparatebi, romlebic 
r-dnm teqnologiiT aris miRebuli. 

cxrili 10-3. 
r-dnm-is teqnologiiT miRebuli adamianis zogierTi samkurnalo  preparati

 produqti  gamoyeneba

eriTropoetini Dstimulirebs eriTrocitebis produqcias

insulini Ddiabeti

sisxlis Sededebis IX faqtori  hemofilia B

alfa-interferoni qronikuli C hepatiti, leikozi, qronikuli granulematozi, 
mravlobiTi sklerozi

kalcitonini ZvlebSi kalciumis Sekaveba

sisxlis Sededebis VII da VIII faqtori Aapirobebs sisxlis Sededebis unars

glukocerebrozidaza  goSes daavadeba

Oadamianis zrdis hormoni (HGH) Oinducirebs Zvlis zrdas

insulinisebri zrdis hormoni (IGF-1) inducirebs zrdas

Mmonoklonuri antisxeulebi zemoqmedebs specipikur cilovan struqturebze: iyeneben sadia-
gnozod, kibos samkurnalod.

r-dnm-teqnologiiT axdenen hormonebis, vitaminebis, fermentebisa da antibiotikebis sin-
Tezss mikrobebis gamoyenebiT. amdagvar sinTezss garkveuli naklic aqvs. mikrobebs (prokariotebs) 
xSirad ar SeuZlia eukariotuli ujredisaTvis damaxasiaTebeli srulyofili cilis sinTezi. maT 
ar moepovebaT is nivTierebebi, romlebic foldings axdenen. (SeniSvna: cilis molekulis saboloo 
struqturas mxolod aminoJavaTa naSTebis Tanamimdevroba ar gansazRvravs. ujredSi aris regula-
toruli molekulebi, romlebic specifikur konfiguracias aZleven cilis molekulas. am process 
foldingi ewodeba). magaliTad, nawlavis Cxiri r-dnm-teqnologiiT axdens insulinis sinTeszs, ma-
gram misi Semadgeneli ori molekulis erTmaneTTan disulfiduri bmiT dakavSireba aRar SeuZlia. 
molekulebis modificirebas xelovnuri foldingiT axdenen. ZuZumwovrebis ujredebSi sinTezi-
rebul produqtebs amdagvari modificireba aRar esaWiroeba, radganac foldingi normalurad 
mimdinareobs. amitomac rigi samedicino preparatis sawarmoeblad qsovilTa kulturebs iyeneben. 
uaryofiTi mxare masac gaaCnia, kerZod, ujredTa kultivireba rTulia, ZviradRirebulia da mcire 
raodebobiT asinTezeben producents. amitomac miRebuli preparati imdenad Zviria, rom misi SeZena 
yvela pacients ar SeuZlia. gamoirkva, rom r-dnm teqnologiiT ZuZumwovrebTan SedarebiT, mwerebis 
ujredebi gacilebiT meti raodenobiT asinTezebs samkurnalo cilebs. amitomac am mizniT maT qso-
vilTa kulturas iyeneben.

mkvlevarebma r-dnm teqnologiiT miiRes iseTi cilebi, romelTa gamoyenebiTac vaqcinis dam-
zadebaa SesaZlebeli. tradiciulad vaqcinebs mkvdari an dasustebuli paTogenuri mikrobebisgan 
amzadebdnen. r-dnm-iT miRebuli cilebi imdagvari agebulebisaa (paTogenebi aRaraa saWiro), rom 
imunur sistemas konkretuli paTogenis sawinaaRmdegod amoqmedeben. gacxovelebuli muSaoba tar-
deba tuberkuliozisa da Sidsis sawinaaRmdego vaqcinis Sesaqmnelad.

baqteriebisa da virusebisgan Tavdacva vaqcinaciiT amoiwureba. tradiciuli wesiT damzade-
buli vaqcinebi friad variabiluria. am sferoSi did warmatebadaa aRiarebuli monoklonuri antis-
xeulebis miReba da samedicino praqtikaSi misi danergva. monoklonuri antisxeulebi biologiurad 
sufTaa da erT imunokomponents Seicavs. sadReisod adamianze ekologiuri krizisisa da presingis 
zemoqmedebis pirobebSi, aqtualuria imunomodulacia da imunostimulacia. imunobioteqnologiiT 
preparatTa farTo speqtria Seqmnili, kerZod Timusis hormonebi (Timozini, Timulini), imunopep-
tidebi, nairgvari moqmedebis interferoni da sxv.

samedicino bioteqnologiaSi produqciis moculobiT, asortimentTa mravalferovnebiT da 
gamoyenebiT pirveli adgili antibiotikebs uWiravs. amJamad gamovlenilia 6000 axali saxis anti-
biotiki, maTgan msoflio klinikebSi 100-ze met dasaxelebis preparats iyeneben. antibiotikebis era 
jer ar dasrulebula, miuxedavad imisa, rom bunebrivi gadarCevisa da mutaciuri procesis Sedegad 
paTogenurma mikrobebma maTdami rezistentoba gamoimuSaves, romelsac plazmidaSi lokalizebu-
li genebi akontroleben. amJamad mravali daavadebis mkurnaloba antibiotikebis gareSe SeuZle-
belia. amasTanave, maTi gamoyenebisas mkacri wesebis dacvaa saWiro. mkurnalobis dawyebamde unda 
Semowmdes paTogenis mgrZnobeloba antibiotikebisadmi (Sedges antibiotikograma). saWiroa mkur-
nalobis kursis bolomde Catareba, raTa gamoiricxos rezistentuli formebis induqcia da orga-
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nizmSi maTi ganmeorebiT gamravleba. 
zogierTi biopreparatis misaRebad ZiriTadad 

transgenul Sinaur cxovelebs iyeneben. maTSi mimdina-
reobs rogorc adamianisTvis damaxasiaTebeli cilebis 
sinTezi, ise maTi sisxlsa da rZeSi sekrecia. ase magali-
Tad: gamoyvanili transgenuli Txis rZisgan Rebuloben 
antiTrombin III da alfa-antitrifsins, cxvris rZidan _ 
alfa-1-antitrifsins, xolo bocveris sisxlidan inhi-
bitor C1-s. sul male biopreparatebis wyaro qaTmis 
kvercxi gaxdeba. vinaidan transgenuri qaTmebis fermis 
swrafad moSeneba advilia da iafi, amasTanave didi rao-
denibiT iZlevian produqcias. 

transgenul mcenareebSi SeZles adamianis genebis 
eqspresia da Sesabamisi cilis sinTezi. amJamad transge-
nuli mcenareebi miRebulia samarcvle_parkosnebSi, 
pureul marcvlovnebSi da Zirxvenian kulturebSi. am 
mcenareebis moyvana iafi da adamianisTvis gacilebiT 
usafrTxoa (ar Seicavs virusebsa da prionebs), amasTana-
ve maTi Senaxva advilia. arsebobs garkveuli riskic, ker-
Zod, genmodificirebulma kulturulma mcenarem niSani 
monaTesave velur mcenareebs ar gadasces (autkrosingi) 
da garemoSi ar gavrceldes. gamoyvanilia genmodifi-
cirebuli simindi, romlis marcvlebidan monoklonur 
antisxeulebs Rebuloben. amave kulturaSi dawyebulia 
baqteriuli toqsinis sawinaaRmdego saWmeli vaqcinis 
damzadeba, romelic mogzaurebSi diareas iwvevs. tro-
pikuli da subtropikuli klimaturi zonis mosaxleobi-
saTvis gamocdis procesSia genmodificirebuli banani 
romelic qoleris, hepatitisa da diareas sawinaaRmdego 
saWmeli vaqcina iqneba. 

bioteqnologia da soflis meurneoba. soflis 
meurneobaSi bioteqnologias iyeneben rogorc seleqci-
is tradiciuli meTodebis gasaumjobeseblad, ise axa-
li teqnologiebis SesamuSaveblad, romliTac soflis 

meurneobis efeqturobas zrdian. 
genmodificirebul mcenares gaaCnia genomSi xelovnurad Canergili ucxo geni anu transge-

ni (sur. 10.6). maTi miReba sakmaod did xarjebTan aris dakavSirebuli, amitom samanipulaciod iseT 
kulturebs (soia, simindi, bamba, rafsi) irCeven, romelTa warmoebis moculoba msoflioSi maRalia. 
msoflioSi miRebuli soias 50% da bambis 20% mosavali genmodificireduli mcenareebidan aris mi-
Rebuli. aSS-Si soias 90%, simindis 75%, bambis 50% transgenuli mcenareebisgan Rebuloben. zemoT 
dasaxelebul kulturul mcenareTa garda, transgenuli jiSebi miRebulia mzesumzirasa da yavaSi. 

dainteresebul mkiTxvels SeuZlia damatebiTi da sarwmuno informacia miiRos kolorados 
saxelmwifo universitetis veb-saitidan, romelic flobs mTel msoflioSi genmodificirebul mce-
nareebze informacias (http// cls.casa.colostate.edu/TransgenicCrop/index.html). 

genuri inJineriis gziT herbicidebisadmi, soflis meurneobis mavneblebisadmi da daavadebis 
gamomwvev paTogenTa mimarT rezistentuli jiSebia gamoyvanili. genmodificirebuli kulturebi 
farTo speqtris mqone herbicidebisadmi, masSi moTavsebuli genis moqmedebis Sedegad, mdgradobas 
avlenen. naTesebis herbicidebiT damuSavebisas sarevelebi iRupeba, kulturuli mcenareebi ki _ 
ara. magram aqac sifrTxilis gamoCenaa saWiro. rig SemTxvevaSi aRiniSneba autkrosingi (transgenis 
spontanuri migracia sxva velur monaTesave saxeobebze). 

gamoyvanilia mavnebeli mwerebisadmi rezistentuli formebi. niadagis baqterias (Bacillus thu-
ringiensis) moepoveba Cry geni, romelic specifikuri moqmedebis Bt cila_toqsins akodirebs. toqsini 
usafrTxoa ZuZumwovrebisa da frinvelebisaTvis, mxolod zogierTi mweris larvebs (muxluxos) xo-
cavs. toqsinis makontrolebeli Cry geni Seitanes simindis, bambis, Tambaqosa da kartofilis sawar-
moo jiSebSi. mcenareSi Cry geni normalurad eqspresirebs da ujredSi grovdeba toqsini. igi klavs 
mxolod im mwers, romelic mcenariT ikvebeba (sur. 10.7). manamde herbicidebiT amuSavebdnen nakve-
Tebs, igi ara marto garemos aWuWyianebda, aramed ganurCevlad spobda yvela saxis mwers, maT Soris 
sasargeblosac. 

meore usafrTxo da efeqturi gzaa mavnebel mwerTa populaciebSi e. w. ,,biodiversantebis‘‘ 

sur. 10.6. transgenuli dekoratiuli Tam-
baqo. surnelovan Tambaqos protoplastis 
birTvSi Seitanes da Canerges cicinaTela-
dan gamoyofili geni, romelic specifikuri 
fermentis sinTezs axorcielebs. protolas-
tidan miRebul mcenareSi geni eqspresirda 
da moaxdina fermentis sinTezi. rodesac 
mcenares nivTiereba luciferi daapkures, 
man naTeba daiwyo.  



243.

adamiani da garemo

Segzavna. laboratoriaSi gamohyavT poliletaluri 
genebis Semcveli xazi. maT uSveben bunebaSi, romle-
bic ejvarebian sxva mavnebel mwerebs. populaciebSi 
vrceldeba letaluri genebi da homozigoti mwerebi 
ixocebian.

genuri inJineriis prioritetuli mimarTuleba 
baqteriuli da virusuli paTogenebisadmi rezisten-
tuli formebis Seqmnaa. ase magaliTad, floridis 
universitetSi mkvlevarebma vazis saSiSi baqteriu-
li daavadebisadmi (pirsi) rezistentuli formis 
miReba SeZles. maT TuTisabreSumxveviadan gamoyves 
paTogenisadmi rezistentobis ganmsazRvreli geni, 
romelic vazis genomSi gadaitanes. trasgenul Tam-
baqoSi eqspresirebuli geni gamoyofs antisxeulebs 
da aRar avaddeba virusiT, romelic foTlis laqia-
nobasa da danaoWebasTan erTad mosavlianobasac 
aqveiTebs.

bioteqnologiuri meTodebiT SeZles mcena-
reul produqtebSi sakvebi Rirebulebis amaRleba. 
gamoyvanilia ,,oqros brinji‘‘, romelic sxva jiSebi-
sagan gansxvavebiT didi raodenobiT Seicavs beta-ka-
rotins (A-provitamini). igi mniSvnelovnad gaaumjo-
besebs ,,mesame samyaros‘‘ mosaxleobis janmrTelobis 
mdgomareobas. 

gacilebiT rTulia genmodificirebuli cxo-
velebis Seqmna. maTSi sakmaod dabalia samrewvelo 
efeqturoba (>2%), xolo STamomavlebSi maRalia ana-
tomiuri defeqtebi. gamoyvanilia transgenuli ora-
guli, Cveulebriv oragulSi CaviCadan (samefo ora-
guli) gamoyofili zrdis hormonis genis CanergviT. 
igi sawyisi formisgan gansxvavebiT mTeli wlis 
ganmavlobaSi izrdeba da swrafad aRwevs Ddid zomas. 
amJamad cdiloben igive geni Seitanon satbore meur-
neobis TevzebSi _ kalmaxsa da paltusSi. amasTanave 
ekologebi garkveul safrTxes ar gamoricxaven, vi-
naidan satboreebidan xSirad Tevzebi velur buneba-
Si xvdebian da adgilobriv formebs aZeveben. 

guelfis universitetSi (ontario, aSS) Seqmnes 
transgenuli Rori _ Enviropig, romelic Seicavs 

fitazas makodirebel gens. sinTezirebuli fermenti xleCs sakvebSi fosfatebs da ganavliT aRar 
WuWyiandeba garemo. im qveynebs, romelTac Tavisi mosaxleobis gamokvebis saSualeba ar aqvT, 
SeuZliaT mniSvnelovnad gaaumjobeson mosaxleobis sursaTiT momarageba bioteqnologiis gziT.

bioteqnologia mrewvelobasa da garemos dacvaSi. ujredi warmoadgens erTgvar universa-
lur fabrikas, romelic garemodan miRebuli energiis gamoyenebiT nivTierebaTa sinTezs axorcie-
lebs. es nivTierebebi ujredis sistemebis SenarCunebasa da kvlavwarmoqmnas xmardeba. samrewvelo 
bioteqnologia ujredis am unikalur Tvisebas emyareba da iyenebs. 

samrewvelo mikrobiologiaSi efeqturi mimarTulebaa mikrobuli biomasisa da sakvebi cile-
bis miReba, vitaminizebuli cilebis koncentratis warmoeba. mecxoveleobas miewodeba safuaridan 
da qloreladan miRebuli sakvebi cilebi, Seucvleli aminomJavebi (aminomJavebi, romlebsac cxove-
luri ujredi ver asinTezebs), antibiotikebi da zrdis stimulatorebi. cilis yovelwliuri mso-
flio deficiti 20 mln. tonas Seadgens. dedamiwaze mosaxleobis ricxvis swrafi zrdis gamo defi-
citi izrdeba. cilis deficitis Sevsebis erT-erTi realuri gza mikrobiologiuri bioteqnologaa. 
ase magaliTad, 300 kg. broileris frinvelis dRe-Ramuri namati, kargi movlisa da kvebis pirobebSi 
12 kg-ia, xolo Tanamedrove bioreaqtorSi amave periodSi 300 t. sakvebi safuaris miReba xerxdeba.

kvebis mrewvelobaSi mikroorganizmebs, mcenareul da cxovelur ujredTa kulturebs zrdian 
da maTgan Rebuloben fermentebs, steroidul hormonebs, aminomJavebs, vitaminebs, antibiotikebs, 
organul mJavebs (ZmarmJava, rZemJava, limonmJava), meTanols da sxv. 

samrewvelo mikrobiologia saxavs energetikuli problemis daZlevis gzas. mcenareebidan da 
sawarmoo narCenebisgan Rebuloben eTilis spirts, romelsac avtomobilebis sawvavad gamoiyeneba. 

sur. 10.7. baqteriidan (Bacillus thuringiensis) Bt 
cila_toqsinis makodirebeli Cry genis gamoyo-
fa da plazmidaSi moTavseba. miRebuli veqtoris 
meSveobiT Cry genis CaSeneba simindis genomSi da 
eqspresia. mavnebeli mwerebisadmi rezistentuli 
genmodificirebuli simindis jiSis gamoyvana.
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ase magaliTad, braziliaSi sawvav spirts Saqris lerwmisa da sxva mcenareebisagan awarmoeben. Semu-
Savebulia meTodika, romlis gamoyenebiTac sayofacxovrebo nagvisa da soflis meurneobis narCe-
nebisagan Rebuloben biogazs. 

amJamad qimiuri nivTierebebiT daWuWyianebuli niadagisa da wylis gasufTavebis sxvadasxva 
meTodia SemuSavebuli, magram maT Soris yvelaze srulyofili da usafrTxo bioteqnologiuri me-
Todia. mikroorganizmebis meSveobiT daWuWyianebul teritoriaze, nagavsayrelebze, an nagavgada-
mamuSavebel qarxnebSi saSiSi qimiuri nivTierebebis usafrTxo an naklebad saSiS nivTierebebad (bio-
remeditacia) gardaqmna xorcieldeba. 

bunebaSi gavrcelebuli baqteriebisa da obis sokoebisgan gamovlenilia iseTi Stamebi, romle-
bic rTuli organuli nivTierebebis (pesticidebi, poliqlorbifenilebi da misT.) biodegradacias 
axdenen. zogierTi mikroorganizmi ,,sakvebad‘‘ mZime liTonebs moixmars, zogi mcenare ki maT sxeul-
Si didi raodenobiT igrovebs. amdagvar mikrooorganizmebsa da mcenareebs mZime liTonebiT (dari-
Sxani, manganumi, vercxliswyali, radiumi, tyvia da misT) daWuWyianebuli garemos gasasufTaveblad 
iyebeben. zogierT mikrobs aRmoaCnda Eeqvs valentiani qromis (genetikurad aqtiuria da iwvevs kibos) 
samvalentianad (nakleb toqsikuria) gardaqmnis unari. biodegradaciaSi monawile mikrorganizmebi-
dan maRali warmadobis an genmodificirebuli Stamebi gamoyavT. maT introduqcias gaWuWyianebul 
garemoSi axdenen da am gziT garemos asufTaveben. SemuSavebulia airebiT daWuWyianebuli haeris 
biofiltrebiT gasufTavebis teqnologia.

10.4. Tanamedrove genetikuri inJineriis eTikuri problemebi

ganviTarebis Tanamedrove etapze genetika SeiWra humanitarul mecnierebebSi da mravali 
sociokulturuli problema wamoWra. genetikis mier SemoTavazebul teqnologiebsa da maT yofa-
cxovrebaSi danergvas Tan axlavs eTikuri riski. maTi gadaWra did sifrTxiles moiTxovs. xSir Sem-
TxvevaSi genetikuri inJineriis kvlevis obieqti aris adamiani, kerZod, misi genetikuri struqtura. 
zogjer manipulirebis saboloo Sedegis Tanmdevi SesaZlo uaryofiTi momentebi kargad gacnobie-
rebuli ar aris. adamianTa erT jgufs – mecnierebs, ufleba eZleva ganagos meore jgufis (geneti-
kuri zemoqmedebis obieqtis) da maT STamomavalTa bedi. am SemTxvevaSi mravali eTikuri problema 
iCens Tavs. saWiroa genuri inJineriis praqtikaSi subieqtsa da obieqts Soris eTikuri normebis da-
regulireba. es problema sakmaod mwvavea. aqedan gamomdinare, ismis kiTxva: ra aris sazogadoebi-
saTvis misaRebi? ra aris dasagmobi? ra SemTxvevaSi SeiZleba adamianis memkvidreobaSi Careva? je-
rardabadebuli bavSvis bedze zemoqmedeba? es sakiTxi diskusiis gziT unda gadawydes. problemis 
gadaWraSi sazogadoebis yvela fenam unda miiRos monawileoba. diskusia mxolod im SemTxvevaSi moi-
tans Sedegs, rodesac sazogadoeba problemaTa arsSi kargad erkveva. zogjer oponentebi eTikur, 
iuridiul da religiur Sexedulebebs TavianTi poziciis dasacavad gauazreblad iSvelieben. 

amJamad eTikuri normebi kanoniT regulirdeba. gaerom 1948 wels miiRo adamianis uflebaTa 
sayovelTao deklaracia, romelsac mravali qveyana SeuerTda. TviT am qveynebSi deklaraciis mra-
vali punqti irRveva. zogierTi dakanonebuli eTikuri norma yofa-cxovrebaSi ver dainerga. gaci-
lebiT rTuli problemebi wamoiWreba, rodesac axal situacias vawydebiT. religiuri tradiciis 
gaTvaliswinebas Sedegi ar moaqvs. Zveli aRTqma, magaliTad ganikiTxavs onans codvisaTvis [dab.38, 
8-10]. amaze dayrdnobiT iudeveli RvTis msaxurebi moiTxoven eqstrakorporaluri ganayofierebis 
e.w. “Casaxva sinjaraSi” (col-qmris gametebis laboratoriul pirobebSi Serwyma da Canasaxis ganvi-
Tareba) akrZalvas. maTi SexedulebiT, sperma SesaZloa codvis gziT (masturbaciiT!) iqnas miRebu-
li. (eqstrakorporaluri ganayofierebis meTodis SemuSavebisaTvis robert edvards 2010 w. nobe-
lis premia miniWa. am meTodiT msoflioSi 4 milionamde bavSvia gaCenili).

sayovelTaod miRebuli, zogierTi eTikuri principis aRiarebas sazogadoebaSi SexedulebaTa 
erTianoba ar gamouwvevia. ramdenad uryevia miRebuli eTikuri principebi da rogor unda ganxor-
cieldes maTi realizacia konkretul situaciaSi? gacilebiT meti problema wamoiWreba xolme, ro-
desac sazogadoebas axal situaciaSi uxdeba problemis gadaWra. gansakuTrebiT mwvaved amdagvari 
problema wamoiWreba, rodesac mecnierebis uaxlesi teqnologiebi inergeba sazogadoebaSi.

genetikuri teqnologiebis gauTvaliswinebeli danergviT SeiZleba dairRves adamianis ufle-
bebi, maT Soris: 1. adamianis sicocxlis xelSeuxebloba. 2. adamianis Tavisuflebis xelSeuxebloba. 
3. STamomav- lobis datovebis ufleba.

seriozuli eTikuri ganjis sagania “prenataluri diagnostikis” miRwevebis praqtikaSi da-
nergva. ganviTarebis adreul etapze sazRvraven nayofis genotips. mZime genetikuri daavadebis ga-
momwvevi genis gamovlenis SemTxvevaSi col-qmarTan SeTanxmebiT mimarTaven aborts. oponentebi mi-
iCneven, rom nayofis ganviTarebis xelovnuri Sewyveta nebismier SemTxvevaSi dauSvebelia, vinaidan 
irRveva adamianis sicocxlis xelSeuxeblobis ufleba. 
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aseve araeTgvari Sexedulebaa “preinplantaciuri genetikuri diagnostikis” SemTxvevaSic. 
2001 wlis ivnisSi col-qmarma daxmarebisTvis mimarTa i. verliskis klinikas (Cikago, reproduqciu-
li genetikis instituti, aSS). maT genealogiaSi “simsivnis ojaxuri forma” li-fraumenis sindromi 
aReniSnebodaT. am sindroms TP53 genis mutacia iwvevs. wesisamebr, homozigotebSi simsivnuri da-
avadeba 40 wlis asakSi vlindeba, Tumca xSirad bavSvebSic iCens Tavs. am genis mixedviT col-qmari 
heterozigoti aRmoCnda. am SemTxvevaSi ki sindromis mflobeli bavSvis Casaxvis albaToba 50%-ia. 
laboratoriaSi ganxorcielda “Casaxva sinjaraSi”. gamoyves iseTi Canasaxi, romelsac ar hqonda ki-
bos gamomwvevi geni. Canasaxi moaTavses dedis saSvilosnoSi. qali dafexmZimda da eyola janmrTeli 
vaJi. (ix. Tavi 7.6.3).

sadReisod “preinplantaciuri genetikuri diagnostikis” meTodiT 50-ze meti mZime memkvi-
druli daavadebis gamovlena da Tavidan acilebaa SesaZlebeli. iseTisac ki, romelic zrdasrul da 
xandazmul asakSi iCens xolme Tavs. mravali mecneri miiCnevs, rom es meTodi gacilebiT progresu-
lia, vidre “prenataluri diagnostikis” meTodi. igi gamoricxavs risks da, SesaZlebelia, pacients 
Tavidan aacilos xelovnuri aborti. 

didi mRelvareba gamoiwvia gansazRvruli genotipis mqone bavSvebis “SekveTiT” gaCenam. col-
qmarma, romelsac hyavda ukurnebeli leikemiiT daavadebuli qaliSvili, TxovniT mimarTa i. verli-
skis klinikas. maT surdaT Zvlis tvinis donorad gamosadegi Svilis gaCena. embrionTa seleqciis 
gziT, mecnierebma SesZles Sesabamisi genotipis bavSvis Casaxva. 

“SekveTili” bavSvi _ adam neSe qveyanas 2000 wels moevlina da sicocxle SeunarCuna sasikvdi-
lod ganwirul ufros das. amave periodSi britaneTidan klinikas orma ojaxma miakiTxa (inglisSi 
kanoniT ikrZaleba msgavsi manipulaciis Catareba). erT-erTs hyavda didi TalasemiiT, meores ki _ 
leikemiiT daavadebuli Svili. mecnierebma “dakveTa” warmatebiT Seasrules. gaCenilma donorebma 
sicocxle SeunarCunes daavadebulebs.

momavalSi mSoblebis genetikuri masala aRar ikmarebs “SekveTis” Sesasruleblad. saWiro ga-
xdeba sxva adamianTa genebis gamoyeneba. genetikis uaxlesi teqnologiebiT es advilad gansaxorcie-
lebelia. ramdenad moraluria “samkurnalo” bavSvebis warmoeba?

adamianis genomis srulyofili Seswavla momavalSi SesaZlebels gaxdis, col-qmarma “Seukve-
Tos” sasurveli niSnebis mqone Svili, romelsac eqneba dRegrZelobis, maTematikuri an musikaluri 
midrekilebis, Tvalis garkveuli Seferilobis da sxva genebi. am SemTxvevaSi argumentad “sicocxlis 
gadarCenis” moSvelieba aRar gamodgeba. gamodis, rom bavSvi warmoadgens iseTive nivTs, romelsac 
nebismier maRaziaSi gemovnebis mixedviT SevarCevT da viZenT. am saxis teqnologiebi adamians gadaa-
qcevs nivTad, romlis yidva-gayidva iqneba SesaZlebeli.

sadReisod SesaZlebelia daigegmos momavali Svilis sqesi. uaxlesi genetikuri inJineriis me-
Todebi ifanticidis 100%-ian garantias iZleva. X-qromosomiani spermatozoidi met dnm-s Seicavs, 
vidre Y-qromosomiani. SesaZlebelia mamakacis spermis seleqcia “saqale” da “savaJe” fraqciad. am-
dagvar proceduras e,w. MikroSort-s warmatebiT iyeneben Sinaur cxovelebSi, romelsac didi sameur-
neo mniSvneloba aqvs. 

sasurveli sqesis Casasaxad adamianis spermis seleqcias, marTalia, ifanticidTan saerTo 
araferi aqvs, magram amdagvari meTodologia moraluri TvalTaxedviT unaklod ver CaiTvleba. aq, 
upirveles yovlisa, adgili aqvs sqesobriv diskriminacias. meorec, cnobilia, rom sazogadoeba, sa-
dac mniSvnelovnad Warboben mamakacebi, nakleb stabiluria da ZaladobiT, kriminalisaken da samxe-
dro konfliqtebiken midrekilebiT gamoirCeva. 

2001 wels gavrcelda sensaciuri informacia pirveli genmodificirebuli bavSvebis dabade-
bis Sesaxeb. eqsperimentis arsi SemdegSi mdgomareobs: jek koenma da misma kolegebma (reproduqciu-
li medicinisa da mecnierebis instituti, niu-jersi, aSS) SesZles qalSi defeqturi mitoqondriebiT 
gamowveuli unayofobis daZleva. es organoidi ujreds energiiT amaragebs. igi adamianis yvela uj-
redSia., maT Soris kvercxujredSic. ganayofierebisas spermatozoididan mitoqondria kvercuj-
redSi ar xvdeba. mitoqondriaSi ramdenime aTeuli wriuli formis dnm-s molekulaa. adamianis mit-
dnm-Si gamovlenilia 37 geni. mit-dnm-iT adamianebi gansxvavdebian, msgavsi aqvT mxolod dedis xaziT 
naTesavebs. mitoqondriuli genebi dedis gziT gadaecema STamomavlebs. 

iSviaTad, zogierTi qalis kvercxujreds aqvs defeqturi mitoqondriebi. kvercxujredi ener-
giiT veRar maragdeba da misgan Canasaxi ver viTardeba. qalSi amdagvari defeqti unayofobas iwvevs. 

j. koenis laboratoriaSi Caatares Semdegi mikroqirurgiuli manipulacia: colis kvercxuj-
redSi mikropipetiT Seitanes qmris spermatozoidi, xolo janmrTeli donori-qalis kvercxujre-
didan - citoplazmis wveTi (masSi aTeulobiT normaluri mitoqondriaa). ganviTarebuli Canasaxi 
moaTavses colis saSvilosnoSi. nayofi normalurad ganviTarda da janmrTeli bavSvi daibada. koe-
nis laboratoriaSi zemoT aRniSnuli manipulacia 30 qals Cautarda, aqedan 12 qali daorsulda da 
eyola janmrTeli Svili. sadReisod es meTodi mraval laboratoriaSia danergili da warmatebulad 
iyeneben.
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erTi SexedviT, es manipulacia daavadebul adamianSi organos an qsovilis (mag. Tirkmeli, 
guli, Zvlis tvini da misT.) gadanergvas - transplantacias mogvagonebs. transplantantis genebi 
STamomavlobas ar gadaecema. koenis eqsperimetiT gaCenili adamiani (kerZod, qali) donoris genebs 
STamomavlebs gadascems. swored am garemoebam gamoiwvia mecnierebs Soris mwvave polemika. ramde-
nad gamarTlebulia STamomavalTa genetikur struqturaSi Careva? hyavs Tu ara koenis meTodiT ga-
Cenil bavSvs “ori deda” da rogoria masTan dakavSirebuli moraluri, iuridiuli da fsiqologiuri 
problemebi? oponentTa argumentebiT, bunebrivi dedidan bavSvs 35 000 birTvuli geni gadaecema 
donori qalidan ki - 37 mitoqondriuli geni (Tanafardoba 1000:1). igi “ori dedis” problemas gamo-
ricxavs.

genetikuri inJineriis meTodebis gaumarTlebeli gamoyenebis sanimuSo magaliTia maTi meSve-
obiT sportsmenebSi rekorduli maCveneblebis gaumjobeseba. amJamad sportis zogierT saxeobaSi 
rekordulma Sedegebma biologiuri SesaZleblobis zRvars miaRwia. momavalSi Sedegis gaumjobese-
ba SeuZlebelia. zogierTi eqspertis prognoziT, 2012 wlis oqros medlebs, ZiriTadad, olimpiadaSi 
monawile genmodificirebuli spotsmenebi moipoveben. “dnm-dopingis” momxmarebeli SejibrSi sxva 
monawileebTan SedarebiT meti gamZleobas, ZalasaA da siCqares gamoavlens.

sadReisiod sami saxis “dnm-doping” preparatia Seqmnili. erT-erTi geni zrdis eriTrocitebSi 
hemoglobinis, xolo kunTebSi mioglobinis raodenobas. kunTebs didi raodenobiT miewodeba Jan-
gbadi da izrdeba organizmis amtanoba. mecnierebma preparti humanuri mizniT - anemiiT daavadebu-
li avadmyofebisTvis Seqmnes. olimpielebi mas aramiznobrivad gamoiyeneben. meore genur preparats 
srulyofis Semdeg farTo gamoyeneba eqneba. igi zrdis sisxlZarRvTa sanaTuris amomfeni ujrede-
bis raodenobas. preparati gamiznulia aTeroskleroziT daavadebuli pacientebisaTvis. olimpie-
lebi preparats gamoiyeneben kunTebis sisxliT momaragebis gasaumjobeseblad. aseve perspeqtiu-
lia mesame genuri preparati. igi xels uwyobs kunTovani boWkoebis zrdas. preparati gamiznulia 
xandazmulebisa da kunTovani distrofiiT daavadebuli pacientebisTvis. klinikuri gamokvleve-
biT dadgenilia, rom preparati 15-30%-iT zrdis kunTebs. axalad sinTezirebuli preparati aRmo-
Cenaa arakeTilsindisieri sportsmenebisTvis. igi Secvlis amJamad akrZalul doping-steroidebs. 

mecnierebi muSaoben genuri dopingis aRmomCen testebze. zogierTi preparati sisxlSi ar gada-
dis. amdenad, maTi gamovlena rTulia, zogjer SeuZlebeli. am SemTxvevaSi irRveva olimpiuri fici; 
amas garda, doping- damokidebuli sportsmeni “daprogramebuli” avtomatia. igi mxolod mkacr fun-
qciebs asrulebs da dakarguli aqvs adamianuri Rirseba. olimpiada gaxdeba genetikur teqnologia-
Ta da ara Rirseul sportsmenTa konkurenciis asparezi. bunebrivia, es ukve aRar iqneba sporti. 

gamokvlevebi cxadyofs, rom warmatebuli rekordsmenebis aRnagobasa da sportul monace-
mebs genotipi gansazRvravs. swored amis gamoa, rom kenieli sportsmenebi sxva msrbolelebTan Se-
darebiT did siCqares aviTareben. saSualo monacemebis mqone, magram genuri dopingis momxmarebeli 
sportsmeni SeZlebs, daamarcxos masze ufro maRali monacemebis mqone, Rirseuli mowinaaRmdege, 
romelic ar iyenebs amgvar dopings. aseT SemTxvevaSi asparezoba azrs kargavs.

gacilebiT seriozul moralur-eTikuri problemebs vawydebiT adamianis klonirebasTan da-
kavSirebuli genetikuri teqnologiebis SemuSavebisas. potenciurad, adamianis klonireba ori miz-
niT ganxorcieldeba: klonirebuli bavSvebis miRebisa (reproduqtuli klonireba) da samedicino 
miznebiT (Terapiuli klonireba). am SemTxvevaSi genetikosebis, filosofosebis, politikosebis, 
sasuliero moRvaweebisa da sociologebis winaSe problemaTa mTeli kopleqsi iCens Tavs. ramdenad 
saWiroa adamianTa modgmis gaumjobeseba da “harmonizeba” klonirebis gziT? ra Sedegs moitans ada-
mianis amdagvari, “daproeqtebuli seleqcia”? xom ar aris es erTgvari metoqeoba da Tavis gatoleba 
uzenaes SemoqmedTan? cocxal materias, maT Soris, adamians axasiaTebs genetikuri nairgvaroba – 
heterogenuloba. igi populaciebis normaluri arsebobisa da ganviTarebis safuZvelia. “idealuri 
adamianisaTvis” niSandoblivi kriteriumebi ar arsebobs. TiToeuli adamiani genetikurad unika-
luria. amdenad, adamianis genetikuri “gaumjobesebis” idea safrTxis Semcvelia da mecnierul sa-
fuZvels aris moklebuli.

Terapiuli klonirebisas miiReben garkveuli genotipis embrionebs Reroujredebis gamosa-
yofad. am masalas gamoiyeneben rigi daavadebebis (diabeti, parkinsoni, alchaimeris daavadeba da 
misT.) samkurnalod. klonirebuli Reroujredebidan ganviTarebuli qsovili gankurnavs daavade-
bul adamians. Reroujredebidan amoclili embrioni (anu momavali jansaRi adamiani) iRupeba. ismis 
kiTxva: irRveva Tu ara adamianis sicocxlis xelSeuxeblobis fundamenturi ufleba? SesaZlebelia 
Tu ara, rom aman biZgi misces organoTa, qsovilTa da genTa “saTadarigo Nnawilebis” bazris Seqmnas; 
nawilebisa, romlebic adamianis embrionidan iqneba damzadebuli?
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organuli samyaros istoriul ganviTarebas ikvlevs mecniereba – evoluciuri Teoria. igi Sei-
swavlis organuli samyaros evoluciis movlenebs, mizezebs, gzebs da kanonzomierebebs. evoluciu-
ri Teoria ganazogadebs biologiis calkeul dargSi miRebul Sedegebs. igi Tanamedrove biologiis, 
sasoflo-sameurneo da samedicino praqtikis umniSvnelovanesi Teoriuli safuZvelia. 

biologiuri evolucia aris cocxali bunebis Seuqcevadi istoriuli ganviTareba, rasac 
Tan axlavs populaciis genetikuri Semadgenlobis cvlileba, adaptaciebis formireba, saxeo-
baTa warmoqmna da amowydoma, biocenozebisa da mTlianad biosferos gardaqmna. 

organuli samyaros evolucia uwyveti da Seuqcevadi procesia. axali sasargeblo memkvidru-
li cvlilebebis TandaTanobiTi dagroveba iwvevs cocxal formaTa Tvisobriv gardaqmnas da axali 
saxeobis Camoyalibebas. 

evoluciur process SeguebiTi xasiaTi aqvs. saxeobaTa evolucia mimdinareobs saarsebo piro-
bebTan Seguebis procesSi. evolucia iwvevs cocxal formaTa organizaciis donis amaRlebas. rTu-
li organizaciis formebi warmoiSva martivi organizaciis formebidan. imavdroulad mimdinareobs 
martivi da rTuli organizaciis donis formebis Tanaarseboba. organizaciis donis amaRleba evo-
luciis saboloo Sedegia. evoluciis procesi zogierT SemTxvevaSi organizaciis donis amaRlebis 
gareSec xorcieldeba. 

saxeobaTa mravalferovneba evoluciis Sedegia. cnobilia cxovelTa 1,5 milioni, mcenareTa 
0,5 milioni, sokoebis 100 aTasi, xolo mikrobebis 4,5 aTasi saxeoba. mravalferovnebis miuxedavad, 
yvela organizms saerTo niSnebis mTeli wyeba axasiaTebs. aseTia, magaliTad, cxoveluri da mcena-
reuli ujredis msgavsi organizacia, gamravlebis procesebi, memkvidreobisa da cvalebadobis mov-
lenebi, ujredis mitozuri da meiozuri gayofa, nivTierebaTa plastikuri da energetikuli cvlis 
procesebi da a. S. aRniSnuli faqtebi organuli samyaros erTiani warmoSobis mimaniSnebelia. zemoT 
CamoTvlil Sedegebs: 1. saxeobaTa mravalferovnebas; 2. garemosTan organizmTa Seguebas; 3. orga-
nizmTa organizaciis donis TandaTanobiT amaRlebasa da garTulebas; aqvT garkveuli mizezebi, ro-
melTac evoluciis Teoria Seiswavlis. evoluciis mTavari mizezi bunebrivi gadarCevaa, romelic C. 
darvinma aRmoaCina. 

11.1. evoluciuri Teoriis ganviTarebis mokle istoria

evoluciuri Teoriis ganviTarebis sawyis etapad miCneulia periodi, rodesac gavrcelebuli 
iyo samyaros erTianobisa da misi ganviTarebis idea. Zveli samyaros (CineTi, indoeTi, mesopotamia, 
egvipte, saberZneTi) mravali swavluli da filosofosi iziarebda am ideas. jer kidev Cv. w. a.-mde I 
aTaswleulis bolos CineTSi gavrcelebuli iyo moZRvreba erTi formis organizmTa TandaTanobiTi 
cvlilebis gziT meored gardaqmnis Sesaxeb. Cv. w. a.-mde I aTaswleulSi indoeTSi arsebobda filo-
sofiuri skolebi, romlebic iziarebda ,,pirveladi materiidan” materialuri (maT Soris organuli) 
samyaros warmoSobisa da ganviTarebis ideas. aiurvedas uZveles teqstebSi gadmocemulia Sexedule-
ba maimunidan adamianis warmoSobis Sesaxeb. samyaros erTianobisa da ganviTarebis idea srulyofili 
saxiT warmodgenilia antikuri filosofosebisa da swavlulTa (heraklite, empidokle, demokrite, 
lukreciusi, aristotele da sxv.) SromebSi. maT mier mocemulia maxvilgonivruli mosazrebani or-
ganul samyaroze, romelic warmoadgenda azrovnebis nayofs da cocxal bunebaze uSualo dakvir-
vebas, maT ganzogadebas ar emyareboda. amdenad Zveli samyaros swavlulebi ar SeiZleba miviCnioT 
Tanamedrove evolucionistebis uSualo winamorbedebad. 

XVII-XIX s. pirvel naxevarSi sistematikis, SedarebiTi anatomiis, biogeografiis ganviTarebam 
xeli Seuwyo faqtobrivi masalis dagrovebas. momdevno etapze Camoyalibda SexedulebaTa sistema 
_ transformizmi – moZRvreba organul formaTa cvalebadobisa da erTi saxeobis meore saxeobad 
gardaqmnis Sesaxeb. igi Seicavda evoluciuri ideis Canasaxs. transformizmis ideis mimdevarTa (r. 
huki, e. darvini, d. didro, J. sent-ileri, i. goeTe da sxv.). Sexedulebebi zogjer antikuri da Suasau-
kuneebis swavlulTa da filosofosTa Sexedulebebs efuZneboda. transformistebi aRiarebdnen 
organizmTa gardaqmnas, magram saTanado argumentebiT ver asabuTebdnen. marTalia, maT ver Seqmnes 
sruli evoluciuri Teoria, magram niadagi moumzades mis Camoyalibebas. 
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J. b. lamarkis1 evoluciuri Teoria. pirveli sruli da Tanmimdevruli evoluciuri Te-
oriis fuZemdebelia Jan batist lamarki (1744-1829), romlis ZiriTadi debulebebi dasrulebuli 
saxiT gadmocemulia SromaSi ,,zoologiis filosofia” (1809). lamarkis evoluciuri koncefcia 
moicavs organuli samyaros ganviTarebis mTel periods sicocxlis warmoSobidan, adamianis war-
moSobis CaTvliT. lamarkis koncefciiT organizmebi cvalebadia, saxeoba (aseve sxva sistematikuri 
kategoriebi) pirobiTia da TandaTanobiT sxva saxeobebad gardaiqmnebian. lamarkis azriT, umarti-
vesi organizmebi TviTCasaxviT aracocxali materiidan warmoiqmnebian. lamarkis Teoriis mixed-
viT, organizmebi icvlebian da viTardebian umartivesidan urTulesisaken, nakleb srulyofilidan 
ufro srulyofilisaken organizaciis donis amaRlebis – ,,gradaciis” gziT. evoluciis mamoZrave-
bel Zalad lamarks miaCnda TviT organizmebSi arsebuli ,,swrafva srulyofisaken”, ganviTarebis 
procesSi maTi gardaqmnis mizezad - garemo pirobebis uSualo zemoqmedebiT gamowveul cvlile-
beb miiCnevda. garemo pirobebi Tavisi zemoqmedebiT cvlis da arRvevs gradaciis bunebriv msvle-
lobas. mcenareebsa da diferencirebul nervul sistemas moklebul cxovelebze garemo uSualod 
moqmedebs da SeguebiT cvlilebebs iwvevs. nervuli sistemis mqone cxovelebze garemos cvlileba 
qcevebisa da Cvevebis Secvlas iwvevs. varjiSis Sedegad Sesabamisi organo icvleba saWiro mimarTu-
lebiT (mag., Jirafis, gedis, batis grZeli kiseri, wylis frinvelTa TiTebs Soris sacuravi apki da 
sxv.). uvarjiSobiT ki organo sustdeba, knindeba da qreba (mag., Txunelas Tvali, siraqlemas frTebi, 
gvelis kidurebis uqonloba da sxv.), (e. w. pirveli kanoni). es cvlilebebi memkvidreobiT gadaecema 
(e.w. meore kanoni). mogvianebiT, genetikuri gamokvlevebiT dadginda, rom garemos zemoqmedebiT ga-
mowveuli organoTa cvlileba modifikaciaa da SeZenili niSan-Tvisebebi ar memkvidreobs. lamarkis 
koncefciiT adamiani romeliRac umaRlesi maimunebidan warmoiSva. igi anTropogenezis erT-erT 
umTavres faqtorad zeamarTul siarulze gadasvlas da metyvelebas miiCnevda. 

amrigad, lamarkis Teoria sworad asaxavs evoluciis procesis realurad arsebobas, magram 
ver iZleva misi mizezebis marTebul axsnas. vinaidan lamarkis evoluciuri koncefcia sustad iyo 
argumentirebuli, TanamedroveTa Soris aRiareba ver pova da igi daviwyebas mieca. 

darvin-uolesis evoluciuri Teoria. mecnierulad dasabuTebuli evoluciuri kon-
cefcia mxolod XIX s. meore naxevarSi Camoayalibes. sakuTari dakvirvebebis, Tavis drois mecnieru-
li codnisa da seleqciis miRwevaTa ganzogadebis safuZvelze Carlz robert darvinma2 (1809-1882) 

1 Jan batist lamarki. gamoCenili frangi bunebismetyveli Jan batist lamarki daibada 1744 wlis 1 agvistos 
bazantenSi (pikardiis provincia), Raribi aznauris ojaxSi. mSoblebs undodaT is mRvdeli gamosuliyo da 
kaTolikur saswavlebelSi miabares. 16 wlis lamarki tovebs skolas da moxalised moqmed armiaSi midis 
(mimdinareobda 7-wliani omi). iq man didi simamace gamoiCina da oficris wodeba miiRo. 1768 wlamde lamarki 
samxedro samsaxurSi imyofeboda. magram avadmyofobis gamo is iZulebuli gaxda samxedro samsaxurisTvis 
Tavi daenebebina. lamarki swavlas agrZelebs parizis umaRles samedicino skolaSi. Semdeg muSaobas iwyebs 
samefo botanikur baRSi (1772-1776), romelic SemdgomSi (1793) parizis sabunebismetyvelo muzeumad gada-
keTda. Sromismoyvare da niWierma axalgazrda mecnierma 1778 wels dawera didi Sroma sam tomad _ `safran-
geTis flora~. am wignma lamarks didi saxeli mouxveWa da parizis akademiis wevrad airCies. 1778 wlidan igi 
saTaveSi udgas botanikis kaTedras, 1793 wlidan ki zoologiis kaTedris xelmZrvanelobas sTavazoben. 1801 
wels is aqveynebs Sromas `uxerxemlo cxovelTa sistema~, romelSic pirveladaa gamoTqmuli evoluciuri 
ideebi. 1809 wels lamarkma dabeWda fundamenturi Sroma `zoologiis filosofia~, romelSic Camoyalibe-
bulia misi evoluciuri koncefcia. lamarkma SemoiRo cxovelTa dayofa uxerxemloebad da xerxemlianebad, 
romelic amJamadac myaradaa damkvidrebuli biologiaSi. aRsaniSnavia, rom termini `biologia~, Taname-
drove gagebiT, pirvelad erTdroulad, magram erTmaneTisagan damoukideblad lamarkma da germanelma bu
nebismetyvelma g. treviranusma (1802) ixmares. lamarks ekuTvnis geologiuri, hidrologiuri da meteoro-
logiuri gamokvlevebic, romlebSic is eyrdnoba ganviTarebis ideasa da istorizmis princips. sicocxlis 
ukanasknel wlebSi lamarki dabrmavda da ukidures siRaribeSi Cavarda. yvelasagan miviwyebuli 1829 wlis 18 
dekembers gardaicvala. 

2	 Carlz robert darvini. ingliseli bunebismetyveli, Carlz robert darvini daibada 1809 wlis 12 Teber
vals, qalaq SruzberSi. mamamisi cnobili eqimi iyo, xolo papa _ erazm darvini _ XVIII saukunis cnobili 
mecnieri. darvinma dawyebiTi ganaTleba SruzberSi miiRo. 1825 wlidan igi studentia edinburgis universi
tetis samedicino fakultetisa, sadac ori weli dahyo. Semdgom darvini swavlas agrZelebs kembrijis uni-
versitetis Teologiis fakultetze. mas surda soflis mRvdeli gamosuliyo da, amasTanave, emuSava zoo
logiaSi. 1831 wels darvinma daasrula sauniversiteto kursi da bakalavris xarisxi miiRo. universitetis 
damTavrebisTanave darvinma dedamiwis garSemo imogzaura gem `bigliT~ (1831-1836 ww.). am samecniero eqspe-
diciam gadamwyveti roli iTamaSa axali msoflmxedvelobis CamoyalibebaSi. C. darvini `saxeobaTa warmoSo-
baze~ daaxloebiT oc wels (1837-58) muSaobda. 1858 w. 18 ivniss C. darvinma ingliseli zoologis, alfred 
rasel uolesisagan (1823-1913) miiRo statia, romelSic evoluciis msgavsi koncefcia iyo gadmocemuli. 
rekomendaciasTan erTad, uolesi darvins sTxovda, misi statia gadaeca gamoCenili geologisaTvis, C. la-
ielisaTvis. aqve unda aRiniSnos, rom am koncefciamde orive avtori Tomas malTusis (1766-1834) naSromma 
`xalxTmosaxleobis bunebrivi kanoni~ (1822) miiyvana. darvinma uolesis Txovna Seasrula. dadga priorite-
tis _ pirvelaRmomCenobis sakiTxi. megobrebis mtkice moTxovnis Semdeg, darvinis Sromis mokle referati, 
a. uolesis statiasTan erTad 1858 w. 1 ivniss moxsenda londonis lines sazogadoebas da daibeWda amave wels 
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Camoayaliba evoluciuri koncefcia. Te-
oria gadmocemulia trilogiaSi: ,,saxe-
obaTa warmoSoba bunebrivi gadarCevis 
gziT, anu ukeTSeguebul jiSebis gadar-
Cena sicocxlisaTvis brZolaSi” (1859); 
,,Sinauri cxovelebisa da kulturuli 
mcenareebis Secvla“ (1868); ,,adamia-
nis warmoSoba da sqesobrivi gadarCeva“ 
(1871). 1858 wels msgavsi Sexeduleba wa-
moayena alfred rasel uolesma. xSirad 
evoluciis am koncefcias darvin-uole-
sis Teorias uwodeben. 

am koncefciis Tanaxmad, evoluciis 
faqtorebia memkvidreobiToba, cvale
badoba da bunebrivi gadarCeva. meqanizmi, 
romelic winare saxeobidan axali saxeo-
bebis warmoSobas apirobebs, aris bune-
brivi gadarCeva. bunebrivi gadarCevis 
principi sam mTavar dakvirvebasa da or 
daskvnazea dafuZnebuli. 

dakvirveba 1. darvinma SeniSna, rom 
yovel individs didi reproduqciuli 
potenciali gaaCnia. maT geometriuli 
progresiiT gamravlebis unari aqvT. 

dakvirveba 2. yovel saxeobaSi in-
dividTa raodenoba TaobaTa manZilze 
TiTqmis ucvlelia. realurad arsebul 
individTa raodenoba ar Seesabameba 
gamravlebis intensiobas (Cndeba mravali 
STamomavali, magram sqesobriv momwife-
bas mxolod erTeulebi aRweven). 

daskvna 1. vinaidan mSoblebi didi 
raodenobiT iZlevian STamomavlobas, 
xolo zrdasrul asaks erTeulebi aRwe-
ven, maT Soris unda mimdinareobdes 
konkurencia saarsebo resursebisaTvis, anu mimdinareobs ,,arsebobisaTvis brZola‘‘. 

dakvirveba 3. darvinma SeniSna, rom erTsa da imave saxeobaSi ori absoluturad identuri in-
dividi ar gvxvdeba. SeiniSneba nairgvaroba (polimorfizmi), sxvagvarad, cvalebadoba cocxali bu-
nebis erT-erTi Tvisebaa. Tu gansxvavdebian zrdasruli formebi, imave movlenas unda vxvdebodeT 
mozardebSic. 

daskvna 2. arsebobisaTvis brZolaSi imarjveben is individebi, romelTac moepovebaT sasarge-
blo niSan_Tvisebebi, riTac ukeT eguebian garemo pirobebs da amitom isini didi raodenobiT to-
veben STamomavlobas, e. i. maT ,,reproduqciuli upiratesoba‘‘ aReniSnebaT nakleb SeguebulebTan 
SedarebiT. droTa ganmavlobaSi am procesis mravaljeradi ganmeoreba saziano variaciebis elimina-
cias, xolo sasargeblo variaciebis gadarCenas iwvevs. ukeT SeguebulTa gadarCena arsebobisaTvis 
brZolaSi bunebrivi gadarCevis safuZvelia. 

saxeobaTa mravalferovnebisa da adaptaciaTa Camoyalibebis axsnis gasaRebi darvinma Sinaur 
cxovelTa da kulturul mcenareTa jiSebis SeswavlaSi dainaxa. praqtikaSi adgili aqvs did jiSo-
briv nairgvarobas. TiToeuli saxeoba biologiuri da sameurneo niSnebiT gansxvavebul aTeulobi-
Ta da aseulobiT jiSs iTvlis. darvinma uaryo jiSTa warmoSobis metafizikuri Sexeduleba, romlis 
Tanaxmad adamianma jiSebi bunebidan ,,mza saxiT‘‘ Semoitana kulturaSi. darvinma daasabuTa, rom ji-
Sebi velur bunebaSi ar arsebobs. kulturul mcenareTa da Sinaur cxovelTa jiSTa axlandeli mra-
valferovnebis Semoqmedi adamiania. 

Sinaur cxovelTa da kulturul mcenareTa warmoSobis Rrma analiziT C. darvinma daasabuTa, 

sazogadoebis agvistos SromaTa krebulSi. xSirad evoluciis am koncefcias darvin-uolesis Teorias uwo
deben. 1859 wlis 24 noembers daibeWda darvinis naSromi ̀ saxeobaTa warmoSoba...~, romelic biologiaSi axali 
eris dasawyiss moaswavebda. darvinma mravalricxovani Sromebi datova. Carlz darvini gardaicvala 1882 
wlis 19 aprils. is didi pativiT dakrZales uestminsteris saabatoSi _ inglisis panTeonSi _ niutonis, 
faradeisa da sxva did moRvaweTa gverdiT.

sur. 11.1. qaTmis jiSebi da maTi gareuli winapari bankivuri 
qaTami (1). 2. leghorni. 3. hamburguli. 4. yelRilRvelebi. 5. 
hudani. 6. ZiZgila. 7. plimutroki. 8. koxinxini. 9. feniqsi. 10. 
brama. 11. viandoti.
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rom jiSebis es mravalferovneba saTaves velur winaparTa mcire raodenobidan iRebs. ase magali-
Tad, velurma winaparma (saxeobam) dasabami misca qaTmis (Galus galus) (sur. 11.1), mtredis (Columba 
livia), bocveris (Orictolagus cuniculus), ZaRlis (Canis familaris) da a.S. mraval jiSs. 

Tavisi moRvaweobis manZilze adamianma, sameurneo interesebis Sesabamisad, sxvadasxva mimar-
TulebiT gardaqmna mcenareebi da cxovelebi. maSasadame, adamiani warmarTavda jiSTa evolucias. 
darvinma daasabuTa, rom am procesSi gadamwyveti roli Seasrula memkvidrulma cvalebadobam da 
xelovnurma gadarCevam. amrigad, seleqciis mecnieruli safuZvlebi darvinma Camoayaliba. darvinis 
SexedulebiT, gadarCevis principi seleqciis msgavsad moqmedebs velur bunebaSi.

darvinma damajereblad aCvena, rom bunebrivi gadarCevis meSveobiT SesaZlebelia aixsnas or-
ganuli samyaros yvela maxasiaTebeli, taqsonomiuri ierarqiuli sistemidan moyolebuli, farSa-
vangis kaSkaSa Seferilobis warmoSobiT damTavrebuli, rogorc rudimentuli organoebis arseboba, 
ise dedamiwaze organizmTa gansaxlebis Taviseburebani. darvinis mecnieruli memkvidreoba metyve-
lebs imaze, Tu rogor Rrmad da mravalmxriv swavlobda igi bunebas, raoden didi iyo misi samecnie-
ro erudicia. aseve gansacvifrebelia misi Teoriuli novatoroba. didi winaaRmdegobis miuxedavad, 
darvin-uolesis koncefcia swrafad damkvidrda mecnierebaSi da safuZvlad daedo Tanamedrove 
biologias. 

mcdari warmodgenebi darvinis mier mowodebul evoluciur koncefciaze sakmaod mravalri-
cxovania. zogierTi maTgani farTodaa gavrcelebuli sazogadoebaSi. aseTia, magaliTad, biolo-
giuri evoluciisa da ,,arsebobisaTvis brZolis‘‘ gaigiveba. termini “ukeTSeguebulTa gadarCena” 
darviniseulia, magram masSi sxva azria Cadebuli da yovelTvis gulisxmobs individs, warmomqmnels 
imgvari STamomavlebisa, romlebic sqesmwife asaks aRweven. aseve darvins ekuTvnis termini ,,brZola 
arebobisaTvis‘‘, romelsac mkvlevari malTuss daesesxa, Tumca darvinTan am termins metaforuli 
datvirTva aqvs. inglisel filosofoss, herbet spensers ekuTvnis arsebobisaTvis brZolis popula-
rizaciisa da adamianTa sazogadoebaze gadatanis idea, romelic ostaturad gamoiyena socialuri 
evoluciis miseul koncefciaSi. im istoriul epoqaSi garkveuli socialuri wreebisTvis misaRebi 
iyo idea individebs Soris arsebobisaTvis brZolis Sesaxeb, romelSic ,,Zlieri formebi imarjveben‘‘ 
da mis nayofs imkian. darvini xazgasmiT miuTiTebda, rom evoluciis kanonzomierebani, maT Soris, 
arsebobisaTvis brZola samarTliania da moqmedebs mxolod cxovelTa da mcenareTa samyaroSi. misi 
gadatana adamianTa sazogadoebaSi ar aris marTebuli. bunebrivi gadarCevis araswori interpreta-
ciis Sedegad mravali mimarTuleba Camoyalibda, maT Soris, socialdarvinizmi da evgenika.

biologiaSi axal aRmoCenaTa safuZvelze mniSvnelovnad ganviTarda, Seivso da daixvewa evo-
luciuri Teoria. Tanamedrove evoluciuri Teoriis CamoyalibebaSi didi roli Seasrula geneti-
kis, ekologiis, molekuluri biologiis, paleontologiisa da biologiis sxva dargebis miRwevebma. 
Tanamedrove evoluciur moZRvrebas safuZvlad udevs darvin-uolesis mier mowodebuli bunebrivi 
gadarCevis koncepti. amJamad axal moZRvrebas evoluciis sinTezuri Teoria ewodeba.

mikroevoluciis kanonzomierebani

11.2. populacia-evoluciuri procesis elementaruli erTeuli

mikroevolucia evoluciis sawyisi etapia, romelic saxeobis SigniT mimdinareobs, iwvevs mis 
diferencirebas da saxeobaTa warmoqmniT mTavrdeba.

saxeoba sicocxlis organizaciis erT-erTi ierarqiul donesa da ZiriTad taqsonomiur er-
Teuls warmoadgens. saxeoba aris individTa erToblioba, romelsac aqvs saerTo morfo-fizio-
logiuri niSnebi da erTmaneTTan Sejvarebisa da nayofieri STamomavlobis mocemis unari, sa-
erTo areals ikaveben da mdgrad genetikur sistemas qmnian. 

yovel saxeobas garkveuli areali uWiravs. cxovelTa, mcenareTa da mikroorganizmTa nebi-
smieri saxeobis individebi maT mier dakavebul arealSi sivrcobrivad araTanabrad arian ganawi-
lebulni. isini SeiZleba dasaxlebuli iyvnen ,,kunZulebrivad‘‘ (e. w. izolatebi anu dizunqciebi) an 
mWidrod dasaxlebuli teritoriebi SedarebiT meCxerad dasaxlebul teritoriebs cvlian (e. w. kon-
tiniumi). erTi saxeobis individTa erTobliobebi, romlebic qmnian teritoriaze (xmeleTze an akva-
toriaSi) mWidrod dasaxlebul ,,centrebs‘‘, populaciebs warmoadgenen. erTi saxeobis individTa 
erTobliobas, romelic xangrZlivad arsebobs garkveul teritoriaze, SedarebiT gamocalke-
vebulia sxva erTobliobebisagan, xasiaTdeba mis farglebSi Tavisufali SejvarebiT da erTiani 
genetikuri sistemiT, aqvs Tavisi struqturis SenarCunebis unari, populacia ewodeba.

vinaidan biologiuri evolucia warmoadgens organizmebis cvlilebisa da divergenciis pro-
cess droSi, amdenad saWiroa ganisazRvros am procesis elementaruli erTeuli. aseTi elementaru-
li erTeuli aris populacia. populaciis wevrebi Tavisuflad ejvarebian erTmaneTs (mimdinareobs 
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panmiqsia) da sivrcobrivad metnaklebad izolirebuli arian amave saxeobis sxva populaciebisagan. 
ismis kiTxva, ratom iTvleba populacia evoluciis elementarul erTeulad da ara saxeoba (rogorc 
saltacionizmis momxreni Tvlian) an calkeuli individi (rogorc zogierT mecniers miaCnda). cal-
keuli individi mcire xans cocxlobs, maSin, rodesac evoluciuri masStabi grandiozulia da aTa-
sobiT da milionobiT wlebs iTvlis. amdenad evoluciis elementaruli erTeuli unda iyos indi-
vidTa iseTi jgufi, romelic xangrZlivad arsebobs (evolucias eqvemdebareba ara individi, aramed 
individTa jgufi). elementaruli erTeuli araa iseTi jgufebi, rogorebicaa: ojaxi, jogi da sxv., 
vinaidan maTi arsebobac droSi efemerulia. 

evoluciis elementaruli erTeuli ar aris saxeoba. igi daxSuli, rTuli, heterogenuli si-
stema aRmoCnda. igi metad mravalricxovani gansxvavebuli wevrebisagan Sedgeba, araTanabrad aris 
ganawilebuli sivrceSi da Sedgeba mcire erTeulebisagan – populaciebisagan. populacia damou-
kidebeli evoluciuri struqturaa. igi warmoadgens umcires, elementarul jgufs, romelic xan-
grZlivad arsebobs gansazRvrul teritoriaze (saxeobis arealSi), eqvemdebareba evoluciuri 
faqtorebis moqmedebas da aReniSneba damoukideblad evoluciuri ganviTarebis unari, amdenad, po-
pulacia evoluciis elementarul struqturul erTeuls warmoadgens. 

11.3. populaciis genetikuri daxasiaTeba

genotipebisa da alelebis sixSire. individTa Tavisufali Sejvarebis (panmiqsiis) Sedegad 
populaciaSi iqmneba erTiani genetikuri struqtura – genofondi. populaciis genTa erTobliobas 
genofondi ewodeba. 

populaciis umniSvnelovanes maxasiaTeblad alelebisa da genotipebis sixSire iTvleba. popu-
laciis genetikur Seswavlas genebis sixSirisa da genotipebis Tanafardobis gansazRvris gziT axde-
nen. populacia Ria genetikuri sistemaa, rac imas niSnavs, rom populaciaTa Soris xdeba migracia. 
Sesabamisad, maT Soris mimdinareobs genetikuri informaciis gacvla (e. w. genTa nakadi). maSasadame, 
bunebrivi populaciebi gansxvavdebian alelTa Sexvedris sixSiriT da ama Tu im genotipebis rao-
denobrivi TanafardobiT. populacias aanalizeben ara uSualod genebisa da genotipebis, aramed 
fenotipis mixedviT. fenotipis sixSiris mixedviT adgenen maTi ganmsazRvreli genebis Sexvedris 
sixSiresa da warmoqmnil genotipTa Tanafardobas populaciaSi. aseve sazRvraven populaciis far-
glebs, sxvadasxva populaciaTa Soris msgavseba-gansxvavebis dones. 

rodesac homo- da heterozigoturi klasebi erTmaneTisgan fenotipurad gansxvavdebian (kodo-
minantoba, arasruli dominantoba da sxv.) fenotipis mixedviT advilia Sesabamisi genotipis dadgena. 
vinaidan sruli dominantobisas dominant homozigots (AA) da heterozigots (Aa) erTnairi fenotipi 
gaaCniaT, calkeuli alelis sixSirisa da calkeuli genotipuri klasebis Tanafardobis gansazRvra 
fenotipuri klasebis mixedviT SeuZlebelia. am SemTxvevaSi recesiuli da dominanturi alelis sixSi-
resa da Sesabamisi genotipuri klasebis Tanafardobas hardi-vainbergis formuliT sazRvraven. 

hardi-vainbergis kanoni. 1908 wels erTmaneTisgan damoukideblad ingliselma maTematiko-
sma j. hardim da germanelma eqimma v. vainbergma daadgines kanonzomiereba, romelsac Semdgom har-
di-vainbergis kanoni uwodes. am kanoniT mtkicdeba, rom memkvidreoba ar cvlis alelTa sixSires 
populaciaSi. amrigad, populaciebSi (Tu masze garemo faqtorebi ar moqmedebs) dominanturi homo-
zigotebis (AA), dominanturi heterozigotebisa (Aa) da recesiuli homozigotebis (aa) sixSire Ta-
obaTa manZilze ucvlelia, e.i. dinamiur wonasworobas inarCunebs. Tu dominanti A alelis sixSires 
aRvniSnavT p-Ti, recesiuli a alelisas ki _ q-Ti, maSin populaciaSi mocemuli lokusis mxolod 
ori alelis arsebobis SemTxvevaSi warmoiqmneba toloba: pA + qa = 1. am SemTxvevaSi genotipTa Ta-
nafardoba iqneba: (pA + qa)2 = p2AA + 2pqAa + q2aa, raSic advilad davrwmundebiT Tu penetis cxrils 
gamoviyenebT:

 ♀/♂  pA  qa

 pA  P2AA  pqAa

 qa  pqAa  q2aa

davuSvaT, rom populaciaSi erTi genis ori gansxvavebuli alelis mqone homozigoti individebi 
AA da aa Tanabari raodenobiTaa da Tavisuflad Seejvarebian erTmaneTs (panmiqsia). maSasadame, A da a 
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alelebi gvxvdeba Tanabari – 0,5 sixSiriT. am SemTxvevaSi F1-Si genotipur klasTa sixSire iqneba:

 ♀/♂  0.5A  0.5a

 0.5A  0.25AA  0.25Aa

 0.5a  0.25Aa  0.25aa

amrigad, 0,25AA + 0,50Aa + 0,25aa = 1. es ki gviCvenebs, rom populaciis arsebul TaobaSi homozi-
gotebi AA da aa warmoiqmneba Sesabamisad 0,25 sixSiriT, xolo heterozigotebi Aa _ 0,50 sixSiriT. 
Semdgom TaobaSic alelebisa da genotipebis igive sixSire SenarCundeba. dominanti A alelis mqone 
gametebis sixSirea 0,5 (0,25 AA homozigotebidan + 0,25 Aa heterozigotebidan), aseve recesiuli a 
alelis mqone gametebis sixSirec 0,5-ia (0,25 aa homozigotebidan + 0,25 Aa heterozigotebidan). Tu 
es wonasworoba populaciaze raime faqtoris moqmedebiT ar iqneba darRveuli, igive Tanafardoba 
iqneba SenarCunebuli momdevno TaobebSi. 

Tu mocemuli genis erTi alelis sixSires aRvniSnavT q simboloTi, maSin amave genis alterna-
tiuli alelis sixSire SeiZleba gamoisaxos rogorc 1-q. Tu alelebis aRmniSvnel simboloebs pene-
tis cxrilSi CavsvamT, maSin igi aseT saxes miiRebs: 

 ♀/♂ q   (1-q)

 q  q2  q(1-q)

 (1-q)  q(1-q)  (1-q) (1-q)

igi Sejamebuli saxiT SeiZleba ase warmovadginoT: q2 + 2qx(1-q) + (1-q)2 an [q + (1-q)]2; 
hardi-vainbergis formuliT SesaZlebeli xdeba populaciaSi alelebisa da genotipuri kla-

sebis Tanafardobis gansazRvra im SemTxvevaSic ki, rodesac yvela genotipi araa identificirebu-
li. mag., adamianSi albinizms iwvevs recesiuli geni. igi populaciaSi dabali sixSiriT gvxvdeba. Tu 
normaluri pigmentaciis ganmsazRvreli genis dominantur alels avRniSnavT A-Ti, xolo albiniz-
mis gamomwvev recesiul alels ki a-Ti, maSin normaluri pigmentaciis mqone adamianebis genotipebi 
iqneba AA an Aa, xolo albinosis – aa. Tu romelime populaciaSi albinizmis sixSirea 1:10000, maSin 
homozigoturi (aa) klasis sixSire iqneba q2=0,0001; q=0,01, a alelis sixSire ki 0,01-is tolia. A ale-
lis sixSire ki iqneba 1-q = 1-0,01 = 0,99; normaluri dominanturi homozigoti (AA) klasis sixSire 
iqneba p2=0,992=0,98; heterozigotuli Aa klasebis sixSire 2pq=2x0,99x0,01=0,0198, e. i. daaxloebiT 
0,02-is tolia. maSasadame, recesiuli aleli heterozigotur mdgomareobaSi 100-jer metia, vidre 
homozigoturSi. amrigad, Tu viciT populaciaSi mxolod recesiuli homozigotebis (aa) sixSire, 
sakmarisia am sidididan kvadratuli fesvis amoReba, rom davadginoT recesiuli alelis sixSire (q). 
dominanti alelis sixSire ki Seadgens p=1-q-s. am xerxiT populaciaSi A da a alelebis sixSiris gan-
sazRvris Semdeg advilia populaciis yvela genotipuri klasis sixSiris dadgena. 

amrigad, hardi-vainbergis kanonis Tanaxmad, usasrulod didi panmiqtiuri populaciebi, 
romlebzec ar moqmedebs garemo faqtorebi, dinamiur wonasworobaSia, anu alelTa da genotip-
Ta sixSire masSi TaobaTa manZilze ucvlelia. es kanoni moqmedebs im SemTxvevaSi, Tu: 1. populacia 
aris mravalricxovani; 2. Sejvareba SemTxveviTi xasiaTisaa; 3. ar warmoiqmneba axali mutaciebi; 4. 
yvela genotipi erTnairi sicocxlisunariania da, maSasadame, gadarCeva ar mimdinareobs; 5. Taobebi 
erTmaneTs ar faraven; 6. ar mimdinareobs emigracia da imigracia (genTa nakadi), e.i. populaciaTa 
Soris genetikuri masalis mimocvla ar xdeba. 

Tu daculia zemoT CamoTvlili pirobebi, maSin sxvadasxva alelebis sixSire TaobaTa manZil-
ze (e. i. xangrZlivad) mudmivi rCeba, populaciaSi genetikuri wonasworoba myardeba da masSi aravi-
Tari evoluciuri cvlileba ar mimdinareobs. bunebaSi aseTi populaciebi metad iSviaTia. metwilad 
populaciis genetikuri struqturis dinamikaze moqmed faqtorTa gavleniT Tanafardoba irRveva. 

mikroevoluciis mamoZravebeli faqtorebi

populaciebSi cvlilebaTa gamomwvev da Semnaxvel faqtorebs evoluciis mamoZravebeli Za-
lebi (faqtorebi) ewodeba. XX saukuneSi mecnierebma evoluciaSi monawile sxvaFfaqtorebic - muta-
ciuri procesi, genTa nakadi, genTa dreifi, izolacia - gamoavlines, magram ZiriTadi faqtori, ro-
melic awesrigebs, warmarTavs evoluciur process, aris - bunebrivi gadarCeva.
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11.4. mutaciuri procesi – evoluciis faqtori, 				  
mutaciebi – masala

mutaciuri procesi mikroevoluciis erT-erTi mniSvnelovani mamoZravebeli faqtoria. igi yvela 
cocxal organizmSi spontanurad da mudmivad mimdinareobs. adapturi mniSvnelobis mixedviT mutacie-
bi SeiZleba iyos sasargeblo, neitraluri an saziano. es dayofa pirobiTia, radganac garemo pirobebis 
Secvlisas sasargeblo mutaciebi SeiZleba gaxdes saziano an - piriqiT. garemo pirobebis Sesabamisad 
erTi da igive mutacia SeiZleba pirobiT saziano an pirobiT sasargeblo aRmoCndes. mutaciuri cvale-
badoba ganxilulia me-7 TavSi, aq mokled SevexebiT mis mniSvnelobas evoluciur procesSi. 

mutaciis spontanuri induqcia organizmis ontogenezuri ganviTarebis nebismier periodSi 
xdeba, gametebidan da zigotebidan dawyebuli, vidre organizmis siberiT damTavrebuli. igi orga-
nizmis nebismieri niSan-Tvisebis ganmsazRvrel genSi mimdinareobs. spontanur mutaciur process 
farTo speqtri gaaCnia. gansxvavebuli doniT organizmis yvela niSnisa da Tvisebis (morfologiuri, 
fiziologiuri, bioqimiuri, eTologiuri da a. S.) ganmsazRvreli genebis mutacia xdeba. mutaciebiT 
warmoiqmneba sakmaod mravalferovani masala evoluciis procesisaTvis. 

mikroorganizmebis, mcenareTa da cxovelTa populaciebis Seswavlisas gamoirkva, rom isi-
ni gansxvavdebian genuri, qromosomuli an genomuri mutaciebis Sexvedris sixSiriT. bunebaSi ar 
gvxvdeba erTi da imave saxeobis ori erTnairi genetikuri struqturis (genofondis) mqone popula-
cia. erTimeorisagan gansxvavdebian rogorc mezobeli, ise sakmaod dacilebuli populaciebi.indi-
vidis genetikuri struqturis (genotipis) Camoyalibeba evoluciis procesSi ukeTesi kombinaciebis 
gadarCevis gziT mimdinareobs. nebismieri gadaxra am sistemaSi iwvevs disbalanss. axlad warmoqmni-
li mutaciebis didi nawili organizmisaTvis sazianoa, radgan isini cvlian evoluciis procesSi Ca-
moyalibebul erTian genetikur struqturas. populaciebSi erTi mxriv recesiuli mutaciebis far-
To gavrceleba warmoadgens genetikur tvirTs populaciisaTvis, magram meore mxriv, is, rogorc 
samobilizacio rezervi, emsaxureba progresul evolucias. genTa nairgvari mutaciebi, romlebic 
gansxvavebuli sixSiriT warmoiqmneba, arRvevs populaciaSi arsebul wonasworobas (hardi-vainber-
gis kanons), xolo Semdgom kvlav myardeba genotipTa axali wonasworoba. amrigad, populaciis gene-
tikuri struqtura icvleba erTi wonasworobidan meore wonasworobamde. 

populaciis genofondi yovel TaobaSi axali mutaciebiT ivseba. am process mutaciuri zewo-
la ewodeba. mutaciis gavrcelebas populaciaSi gansazRvravs, uwinares yovlisa, misi mutabiloba 
(ama Tu im lokusis mutaciis unari), magram misi done damokidebulia imaze, Tu ra gavlenas axdens 
mutacia individis cxovelmyofelobasa da nayofierebaze. mutaciaTa mcire nawili sasargeblo an 
neitraluri aRmoCndeba. bunebrivi gadarCevis moqmedebis Sedegad xdeba TaobaTa manZilze maTi Se-
narCuneba da SeiZleba mniSvnelovani rolic Seasrulos evoluciis procesSi. amJamad miaCniaT, rom 
evoluciaSi arsebiT rols mcire mutaciebi asruleben, radgan isini niSnis umniSvnelo cvlilebas 
iwveven; sasargeblo mcire mutaciebis genotipSi dagrovebisas niSnis arsebiTi cvlileba xdeba. ro-
desac mutantur individebs SesamCnevi upiratesoba aqvT sawyis formebTan SedarebiT, isini swra-
fad vrceldebian bunebaSi da saxldebian saxeobisaTvis adre arsebobisaTvis nakleb xelsayrel pi-
robebSi. 

sxvadasxva tipis mutaciebis warmoSobis sixSiriT populaciebis gansxvaveba, mutaciebis or-
ganizmis mniSvnelovan niSnebze moqmedeba, populaciebis genetikuri nairgvaroba da maTi gajereba 
mutaciebiT saSualebas gvaZlevs davaskvnaT, rom mutaciebi evoluciis elementaruli masalaa. mu-
taciuri procesis evoluciuri roli, agreTve, imaSi mdgomareobs, rom igi ganapirobebs popula-
ciaSi maRali doniT genetikuri nairgvarobis (heterogenulobis) SenarCunebas. heterogenulobas 
ki efuZneba evoluciis sxva elementaruli faqtorebis, maT Soris, bunebrivi gadarCevis moqmedeba. 
amrigad, mutaciuri procesi aris elementaruli evoluciuri masalis mimwodebeli faqtori. 

11.5. genTa dreifi, rogorc evoluciis faqtori

amerikelma mecnierma s. raitma daadgina (1931) rom,  nebismier gansazRvrul populaciaSi Ta-
obaTa manZilze alelTa mocemuli koncentraciis ganusazRvrelad SenarCuneba SeuZlebelia. po-
pulaciaSi alelTa koncentraciis darRveva SeiZleba moxdes mutaciuri procesisa da bunebrivi 
gadarCevis gareSec. TaobaTa manZilze (biologiur droSi) SemTxveviTi procesebiT gamowveul 
alelTa sixSiris cvlilebas populaciaSi genTa dreifi ewodeba. genTa dreifi gansakuTrebiT 
SesamCnevia mcirericxovan populaciebSi. 

saarsebo pirobebis cvlilebis Sedegad xdeba populaciis ricxovnobis mkveTri gadideba an 
Semcireba, e. w. sicocxlis (populaciuri) talRebi. nebismieri populacia gadis maqsimaluri da mi-
nimaluri ricxovnobis periodebs, romlebsac SeiZleba hqondes cikluri an acikluri xasiaTi. am 
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saxis fluqtuaciis mizezi 
sakmaod mravalgvaria. igi 
SeiZleba gamoiwvios rogorc 
abioturma, ise bioturma eko-
logiurma faqtorebma. 

populaciis genofon-
dis cvlileba xdeba rogorc 
maqsimaluri, ise minimaluri 
ricxovnobisas. ricxovnobis 
gazrdisas adre kunZulebri-
vad ganlagebuli (gancalke-
vebuli anu dizunqciuri) 
populaciebis genofondi er-
Tiandeba. imis gamo, rom Ti-
Toeuli populacia Tavisi 
genetikuri struqturiT-ge-

nofondiT unikaluria, gaerTianebis gamo maT sawyisisagan gansxvavebuli genofondi uyalibdebaT. 
rodesac populaciis ricxovnoba mkveTrad ecema, SemTxveviT individTa mcire raodenoba ga-

darCeba. aseTi populaciis genuri sixSire sawyisisagan gansxvavebuli iqneba(sur. 11.2). Tu Semdgom-
Si ricxovnoba kvlav gaizrdeba, maSin axal afeTqebas dasabams miscems individTa es mcirericxovani 
jgufi (moqmedebs e. w. ,,boTlis yelis” efeqti (sur. 11.3). amdagvari populaciis genofonds am mcire 
jgufis genetikuri Semadgenloba gansazRvravs. rac ufro mcirericxovania individTa amonakrebi, 
miT ufro maRalia alelTa sixSiris meryeoba. alelTa es meryeoba (genTa dreifi) SemTxveviTia da 
gadarCevis Sedegs ar warmoadgens. genTa dreifis Sedegad warmoqmnili yvela cvlilebis SenarCune-
ba ar xdeba. magram zogjer warmoiqmneba metad Seguebuli individebi. e. mairma am SemTxvevas ,,gene-
tikuri revolucia” uwoda. zogierTi evolucionisti miiCnevs, rom axali saxeoba swored amdagvari 
procesis Sedegad yalibdeba. 

Tu ratomaa efeqturi mcirericxovan populaciebSi genTa dreifi, amis sailustraciod ganvi-
xiloT Semdegi magaliTi: davuSvaT, rom ori gansxvavebuli ricxovnobis populaciaSi genTa sixSi-
reebi Tanabaria da iSviaTi aleli individTa 1%-Si gvxvdeba (q=0,01). SemTxveviTi movlenis Sedegad 
moxda am alelis mqone individTa eliminacia populaciidan, e. i. q=0. Tu populacia 1.000.000 wevri-
sagan Sedgeba, maSin iSviaTi aleli 10.000 individs eqneba. xolo Tu meore populacia 100 wevrisagan 
Sedgeba, maSin aleli mxolod 1 individs aRmoaCndeba. bunebrivia alelis SemTxveviTi dakargvis al-
baToba mcirericxovani (meore SemTxveva) populaciidan gacilebiT maRalia, vidre mravalricxova-
nidan. 

genTa dreifTanaa dakavSirebuli e. w. damfuZneblis principi. am movlenas vxvdebiT imi-
graciis Sedegad axali populaciis formirebisas. rogorc ukve aRiniSna, sawyisi populaciidan 
SemTxveviTi amorCeviT individTa Zalze mcire jgufi SeiZleba gansaxldes da sxva teritoria dai-

Wiros. bunebrivia, individTa es mcire-
ricxovani jgufi alelTa SedgenilobiT 
aratipuria da sawyisi populaciisagan 
gansxvavdeba. zogierTi alelis koncen-
tracia maRali iqneba, zogierTi ki maTSi 
saerTod ar aRmoCndeba. aseT pionerul 
populaciaSi yalibdeba axali genofondi, 
romelic alelTa koncentraciiT sawyi-
sisagan gansxvavebulia. genTa dreifiT, 
iSviaT alelTa dakargvis gamo wesisamebr 
genetikuri cvalebadoba qveiTdeba. axa-
li populacia saTaves amdagvari gaRari-
bebuli genofondidan iRebs. evoluciis 
mamoZravebeli faqtorebis (mutaciuri 
procesi, bunebrivi gadarCeva da sxv.) ze-
moqmedebiT populacias ecvleba geno-
fondi da polimorfuli xdeba. sawyisi 
gansazRvruli genofondis gavlenas 
populaciis Semdgom bedze damfuZne-
blis principi ewodeba. 

damfuZneblis efeqti gamovleni-

sur. 11.2. populaciaSi genTa dreifis moqmedebis sqema. kvadratebSi war-
modgenil mcenareTa SemTxveviTi gadarCena yovel momdevno TaobaSi 
alelTa sixSiris cvlilebas iwvevs.

sur. 11.3. boTlis yelis moqmedebis modeli. 1. sawyisi popula-
cia. 2. boTlis yelSi gavla (erTeuli individebis gadarCena). 
3. SemTxveviT gadarCenili individebi. 4. axalad formirebu-
li populacia. 
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lia adamianis mraval mcirericxovan populaciaSi. aSS-s pensilvaniis Statis qalaq lankasterSi 
saxlobs religiuri izolati (daxSuli populacia), qorwineba mxolod populaciis wevrebs Soris 
xdeba. populaciaSi maRali sixSiriT gvxvdeba elisa _ van kreveldis (EvC) sindromi. damaxasiaTe
belia gansakuTrebuli formis juja sxeuli da polidaqtilia. niSani recesiulia da homozigotebs 
uyalibdebaT. religiur izolats samma colqmrulma wyvilma daudo saTave, romlebic 1770 wels 
evropidan amerikaSi gadasaxldnen. populaciis 40 sagvartomodan, romelic 13000 adamians moicavs, 
82 sindromis matarebelia. am religiur izolatSi daavadebis maRali sixSire damfuZneblis efeqti-
Taa gamowveuli. 

11.6. genTa nakadi, rogorc evoluciis faqtori 

populaciaTa Soris genTa mimocvlas genTa nakadi ewodeba. genTa nakadi aramimarTuli da 
SemTxveviTi procesia. erTi populaciidan meoreSi individTa mcire jgufis imigracia iwvevs mas-
Si gansxvavebul alelTa SemTxveviT moxvedras. imis gamo, rom erT populacias alelTa garkveuli 
formebi akldeba, meores ki emateba, TiToeuli maTganis genofondSi alelTa xvedriTi proporcie-
bi icvleba. genTa nakadis meSveobiT populaciaSi cvalebadobis done izrdeba. am procesis uSualo 
Sedegi mutaciebis warmoqmnis procesis msgavsia. genTa nakadi alelTa koncentraciis gacilebiT 
swraf cvlilebas iwvevs, anu mutaciur procesze ufro efeqturia. marTalia, genTa nakadiT geno-
fondi icvleba, magram evoluciuri cvlilebis TvalsazrisiT misi moqmedeba konservatulia. po-
pulaciaTa Sorisi migraciebis meSveobiT saxeobis genofondi erTiani xdeba. amrigad, genTa nakadi, 
erTi mxriv, populaciaTa genetikuri cvalebadobis wyaroa, meore mxriv, arsebiT rols asrulebs 
saxeobis mdgradobis SenarCunebaSi. amdenad, populaciaTa Soris genTa nakadis Sewyveta (saizola-
cio meqanizmebis ganmtkiceba) axal saxeobaTa formirebis erT-erTi winapirobaa. 

amerikaSi (aSS) TeTrkanianebsa da zangebs Soris Sereuli qorwinebis Sedegad gaCenil STamoma-
vlebs zangebs akuTvneben. amdenad, Sereuli qorwinebebi SeiZleba CaiTvalos, rogorc genTa nakadi 
TeTrkanianebidan zangTa populaciaSi. magaliTad, rezus faqtoris ganmsazRvreli alelis (Ro) si-
xSire amerikaSi mcxovreb TeTrkanianebSi p=0,028 Seadgens. afrikis tomebSi (saidanac saTaves ameri-
keli zangebi iReben) am alelis sixSirea p=0,630, amerikel zangebSi ki – p=0,446. zangebi amerikaSi 300 
wlis (daaxloebiT 10 Taoba) win Camoasaxles. gamoTvlilia, rom genTa nakadi TeTrkaniani mosaxle-
obidan zangebis populaciaSi TiToeul TaobaSi saSualod 3,6% Seadgenda. dadgenilia, rom zangebs 
genofondSi genTa daaxloebiT 30% TeTrkaniani populaciidan genTa nakadis meSveobiT aqvT miRe-
buli. 

rodesac emigrantebis genotipuri Taviseburebani axal pirobebSi maT adaptur upiratesobas 
mianiWebs, isini gamravldebian, TavianT wvlils Seitanen populaciis genofondSi da amiT gavlenas 
moaxdenen populaciis genetikur struqturaze. xolo Tu, maTi adapturi Rirebuleba dabali aR-
moCndeba, isini populaciidan eliminirdebian. 

11.7. izolacia, rogorc evoluciis faqtori

izolaciis evoluciuri mniSvne-
loba cxadyo C. darvinma. misi, rogorc 
evoluciis faqtoris mniSvneloba XX s. 
30 _ 40-ian wlebSi daadgines. rodesac 
populaciebi an populaciis garkveuli 
nawili TaobaTa manZilze (xangrZlivad) 
rCeba gamijnuli, SeiZleba maTSi moxdes 
genetikuri struqturis mniSvnelovani 
cvlileba. amdagvari populaciebis di-
ferencirebam SesaZloa axal saxeobaTa 
formireba gamoiwvios. gamoyofen izola-
ciis or ZiriTad formas: sivrcobrivsa 
da biologiurs. 

sivrcobrivi (teritoriuli anu 
geografiuli) izolacia gulisxmobs 
populaciaTa gamijvnas geografiuli 
zRudeebiT (mdinare, srute, xrami, mTe-
bi da sxv.) igi SeiZleba sxvadasxva for-
miT ganxorcieldes. xmeleTis binadarT sur. 11.4. xlakunasa (1) da cisferi kaWkaWis (2) wyvetili ariali. 
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mijnavs wylis barieri, hidrobiontebs ki _ xmeleTis barieri, dablobis populaciebs _ mTebi, mTis 
populaciebs ki _ dablobi da a. S. sivrcobrivi izolacia aseve SeiZleba ekologiuri faqtorebiT 
(mag., araxelsayreli fizikur-qimiuri pirobebi) an gauvali ekocenozebiT (mag., tyis masivebi, udab-
noebi da sxv.) moxdes. 

sivrcobrivi izolaciis arseboba zog SemTxvevaSi garkveul teritoriaze saxeobis istoriu-
li ganviTarebiT SeiZleba aixsnas. magaliTad, cisfer kaWkaWs wyvetili (dizunqciuri) areali aqvs. 
igi gvxvdeba rogorc pireneis naxevarkunZulze, aseve Soreul aRmosavleTSi, rac gamyinvarebiTaa 
gamowveuli. msgavs wyvetil areals flobs Tevzi xlakuna, romelic dasavleT evropasa da Soreul 
aRmosavleTSia gavrcelebuli. xangrZlivi biologiuri drois gasvlis miuxedavad gamijnul popu-
laciebSi arsebiTi morfo-fiziologiuri cvlilebebi ar momxdara. isini erTsa da imave saxeobas 
miekuTvnebian (sur. 11.4). 

sivrcobrivi gamijvna uSualod ar iwvevs reproduqciul izolacias. Tu individebma zRude 
gadalaxes, maSin isini erTmaneTs Tavisuflad Seejvarebian da maT Soris gansxvavebac gaqreba. sivr-
cobrivi izolacia fizikuri xasiaTisaa da arsebiTad gansxvavdeba biologiuri izolaciisagan. 

biologiuri izolacia ori tipis: prekopulaciuri da postkopulaciuri meqanizmiT xor-
cieldeba. amis gamo SeuZlebeli xdeba Tavisufali Sejvareba (panmiqsia) da wydeba genTa nakadi. 
prekopulaciur meqanizmebSi erTiandeba izolaciis yvela is forma, romelic individTa Sejvarebas 
abrkolebs. maT miekuTvneba ekologiuri, morfo-fiziologiuri da eTologiuri izolaciis for-
mebi. postkopulaciuri izolaciis meqanizmebi Sejvarebul individebSi genomTa SeuTavseblobas 
iwvevs, mas miekuTvneba genetikuri izolacia. zogjer morfo-fiziologiur, eTologiuri da gene-
tikur izolacas erT jgufSi _ reproduqciul izolaciaSi – aerTianeben.

izolaciis ekologiur formas gamravlebis adgili da vadebi gansazRvravs. amitom gamoyofen 
sezonur da biotopur izolacias. sezonuri izolaciisas monaTesave individebis Sejvarebas abr-

kolebs sqesobrivi momwifebis vadebis 
sxvadasxvaoba. gamravlebis sezonuri ga-
mijvna jgufebis mkveTr da swraf daci
lebas iwvevs. 

didi mniSvneloba aqvs ganviTa-
rebisa da vegetaciis periodebis daci-
lebas (asinqronulobas). gamovlenilia 
iseTi saxeobebi, romlebSic gaerTia-
nebuli individebi yvavilobis perio-
diT gansxvavdebian. magaliTad, mcenare 
xrialaSi Camoyalibebulia saadreo da 
sagviano formebi, rac adamianis mier 
wlebis manZilze warmoebulma gaTibvam 
(Seugnebelma gadarCevam) gamoiwvia (sur. 
11.5). sezonuri izolacia gamovlenilia 
cxovelebSic. ,,sagazafxulo‘‘ da ,,saSe-
modgomo‘‘ rasebi aRwerilia salamurasa 
da TevzebSi. mag., orxidisa (makedonia) 
da sevanis (somxeTi) tbaSi gavrcelebuli 
kalmaxis endemuri saxeobebi gansxvavde-
bian tofobis periodiT, saqviriTe adgi-
liTa da siRrmiT. 

bunebaSi gacilebiT ufro xSirad 
gvxvdeba biotopuri izolacia. poten-
ciuri partniorebi mxolod gamravlebis 
periodSi erTimeores ver xvdebian. maga-
liTad, gombeSos erTi forma (Bufo ame-
ricanus) qviriTs yris Waobebsa da tbebSi, 
meore (B. fewleri) ki - guburebsa da nakadu-
lebSi. 

izolaciis morfo-fiziologiuri 
forma gamravlebis organoebis gansxva-
vebuli agebulebiTa da funqciiTaa ga-
mowveuli. izolaciis am formis dros 
mkveTrad qveiTdeba ganayofierebis al-

sur. 11.5. xrialas (Alectorolophus major) qvesaxeobebis Camo-
yalibebis sqema. 1. sawyisi forma (A. major montaneus), ro-
melic gavrcelebulia yamir alpur mdeloebze. 2. saTibebze 
gavrcelebuli adre moyvavile qvesaxeoba (Al.ajor aestivalis). 
ojer gaTibvis Sedegad Camoyalibebuli ori qvesaxeoba: 3 _ 
Al.m.vernalis, yvavilobs adre zafxulSi da 4 _ Al.m.policladus, 
yvavilobs gvian zafxulSi. 5. Al.m.apterous Wvavis yanis sareve-
la. 
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baToba, e. i. reproduqtul periodSi sasqeso produqtebis (gametebis) Sexvedris albaToba metad 
dabalia. mcenareebSi aseT bariers qmnis yvavilSi mtvrianebis da butkos sxvadasxva doneze ganla-
geba (heterostilia), mtvris marcvlis gansxvavebuli gaRivebis unari da siswrafe. Tu dingze sxva 
saxeobis mcenaris mtveri moxvda, igi ver an nela Rivdeba. samtvere mili nela yalibdeba, romelic 
xSirad wyvets ganviTarebas. yovelive zemoT aRniSnuli abrkolebs gametebis Sexvedras. 

cxovelebSi monaTesave saxeobebs zogierT SemTxvevaSi gansxvavebuli agebulebis sakopula-
cio organoebi aqvT, ris gamoc SeuZlebeli xdeba ganayofiereba. zogjer axlomdgom saxeobebSi ko-
pulacia normalurad mimdinareobs, magram imunuri SeuTavseblobis gamo mdedris sasqeso gzebSi 
spermatozoidebi iRupebian. 

izolaciis eTologiuri forma qcevis TaviseburebaTa gansxvavebis meSveobiT uzrunvelyofs 
monaTesave formebis gamijvnas. bunebrivia, izolaciis es saxe gvxvdeba mxolod im cxovelebSi, ro-
melTac kargad aqvT ganviTarebuli nervuli sistema (mag., mwerebi, Tevzebi, amfibiebi, reptiliebi, 
ZuZumwovrebi). mraval maTgans aqvT specifikuri niSnebi (meoradi sasqeso niSnebi), riTac monaTesa-
ve formebi advilad pouloben erTmaneTs, aseve asxvaveben sxva saxeobis individebs. 

saizolacio meqanizmebis meore jgufi (e. w. postkopulaciuri) Sejvarebis Semdeg moqmedeben 
da populaciaTa gamijvnas iwveven. mas miekuTvneba genetikuri izolacia. axlomdgomi saxeobebis 
SejvarebiT warmoqmnili zigotebi an ontogenezis adreul etapze Canasaxebi iRupebian. zogjer 
axlomdgomi saxeobebis SejvarebiT warmoqmnili hibridebi sicocxlisunarianni arian, magram maTSi 
nayofiereba mkveTradaa daqveiTebuli, metwilad sterilurebi arian. izolacia, rogorc evolu-
ciis faqtori, axal genotipebsa da Sidasaxeobriv formebs ar warmoqmnis. misi meSveobiT sawyisi 
erTiani populacia or an met Semadgenel nawilad iyofa, riTac genetikuri diferencirebis sawyis 
stadiebs ganamtkicebs, aRrmavebs da aZlierebs. 

11.8. bunebrivi gadarCeva - evoluciis mTavari mamoZravebeli 
faqtori 

bunebrivi gadarCevis wanamZRvrebi. evoluciis elementaruli faqtorebi: genTa naka-
di, mutaciuri procesi, genTa dreifi da izolacia aramimarTuli, stoqasturi da ganusazRvreli 
moqmedebisaa. evolucia qaosuri rodia, aramed Seuqcevadi da mimarTuli procesia, romlisTvisac 
niSandoblivia axali adaptaciebis formireba, axal saxeobaTa da taqsonebis ierarqiuli sistemis 
warmoqmna, organuli bunebis progresuli ganviTareba. cnobilia mxolod erTaderTi mimarTuli 
faqtori - bunebrivi gadarCeva, romelic awesrigebs da warmarTavs evoluciur process. bunebrivi 
gadarCevis xelSemwyobi pirobebia: 1. populaciis genetikuri nairgvaroba (heterogenuloba); 2. 
gamravlebis progresia; 3. brZola arsebobisaTvis. 

genetikuri heterogenuloba populaciis erT-erTi mniSvnelovani Taviseburebaa. gairkva, 
rom bunebrivi populaciebi faruli memkvidruli cvlilebebiT (mutaciebiT) aris gajerebuli. mu-
taciebi iwveven genetikuri masalis Tvisobriv an raodenobriv cvlilebas. nebismier cocxal siste-
maSi mutaciuri procesi spontanurad da mudmivad mimdinareobs. igi exeba organizmis yvela niSan-
Tvisebas. mutaciebi aris elementaruli masala evoluciuri procesisaTvis. bunebrivi gadarCevis 
meore aucilebel winapirobas gamravlebis progresia warmoadgens. bunebrivi gadarCeva mxolod im 
SemTxvevaSia SesaZlebeli, rodesac mSoblebis mier warmoqmnili STamomavlebi maTi SecvlisaTvis 
saWiro raodenobas aRemateba.

organul samyaroSi xdeba gamravlebis progresia. yoveli organizmi didi raodenobiT STamo-
mavlebis mocemis unars flobs. isini geometriuli progresiiT mravldebian. individebi Zalze didi 
raodenobiT Cndebian, magram sqesmwife asaks umniSvnelo raodenoba aRwevs. ase magaliTad, erTi 
mdedri kalmaxi tofobisas 6 aTasamde qviriTs yris, xolo mTvare Tevzi 300 milionamde (ix. cxr. 
11-1). wyvil beRuras 10 wlis manZilze 200 miliardi individis mocema SeuZlia. babuawveras 10 wlis 
ganmavlobaSi SeuZlia dedamiwis zedapiris toli farTobi 20 sm-is sisqis feniT dafaros. mxolod 
darvinma gansazRvra gamravlebis progresiis mniSvneloba evoluciis procesSi, rac arsebobisaT-
vis brZolis wina pirobaa. 

marTalia, organizmebi gamravlebis didi unariT gamoirCevian, magram maTi arsebobisaTvis au-
cilebeli pirobebi (teritoria, sakvebi, wyali da misT.) SezRudulia. amdenad, iqmneba Seusabamoba 
individTa raodenobasa da saarsebo pirobebs Soris, romelic arsebobisaTvis brZolas uzrun-
velyofs. bunebaSi gamravlebis potenciuri SesaZleblobis sruli realizacia SeuZlebelia. yvela 
gaCenil individs zrdasruli askisaTvis rom mieRwia, maSin maTTvis saarsebo pirobebi aRar iqneboda. 
amrigad, organizmebs Soris yovelTvis mimdinareobs biologiuri Sejibri anu konkurencia saarsebo 
pirobebis mosapoveblad. meore mxriv, organizmebi winaaRmdegobas uweven garemos bioturi (mtrebi, 
parazitebi da sxv.) da abioturi (temperaturis cvalebadoba, Jangbadis, wylis, sinaTlis nakleboba 
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an siWarbe da misT.) faqtorebis mavne zemoqmedebas. organizmebisa da garemo faqtorebis yvela ur-
TierTmimarTeba C. darvinma gaaerTiana krebsiTi cnebiT _ brZola arsebobisaTvis, romelic metafo-
ruli gagebiT ixmareba. (sadReisod xSirad mis nacvlad termin ,,konkurencias‘‘ iyeneben).

ama Tu im saxeobis populacia damoukideblad da ganmxoloebulad rodi arsebobs, igi bio-
cenozis Semadgeneli komponentia. misi warmatebuli arseboba didad aris damokidebuli imaze, 
Tu rogor urTierTobas daamyarebs mocemuli populacia sxva saxeobis populaciebTan. am rTuli 
urTierTdamokidebulebis formireba abioturi faqtorebis moqmedebis fonze mimdinareobs. amde-
nad, organul samyaroSi arsebobisaTvis brZolis saxeebi metad mravalferovania, gamoyofen Semdeg 
ZiriTad formebs: Sigasaxeobrivs, saxeobaTaSorissa da konstituciurs. 

Sigasaxeobrivi brZola arsebobisaTvis mimdinareobs erTi da imave saxeobis individebs So-
ris da gansakuTrebuli simZafriT gamoirCeva. (sur. 9.14). brZolis es forma iSviaTadaa pirdapiri 
xasiaTis. metwilad igi vlindeba sakuTari sicocxlis dacvisa da STamomavlobis uzrunvelyofi
saTvis ufro efeqtur saSualebaTa gamomuSavebaSi, rac upiratesobas aniWebs mas sxva individebTan 
konkurenciaSi, mtrebisa da garemos araxelsayreli pirobebisadmi winaaRmdegobis gawevisas. popu-
laciis Semadgenel individebs Soris urTierTdamokidebuleba sxvadasxva periodsa da garemosTan 
mimarTebiT SesaZlebelia iyos neitraluri, konkurentuli an SesaZlebelia gamovlindes urTierT-
daxmarebis faqtebi. magaliTad, rodesac sakveb areSi dabalia drozofilas larvebis simWidrove, 
isini erTmaneTs exmarebian, raTa Tavidan aicilon sakvebis gamoSroba da masze obis sokos ganviTa-
reba. saSualo simWidrovis dros larvebs Soris damokidebuleba neitraluria, maRali simWidrovis 
dros ki mZafri konkurencia aRiniSneba (ix. Tavi 9, ekologia). 

saxeobaTaSorisi brZola arsebobisaTvis metwilad pirdapiri xasiaTisaa. mag., urTierToba 
mtacebelsa da msxverpls Soris, aseve parazitsa da maspinZels Soris. zogjer es brZola arapirda-
piri xasiaTisaa, rac konkurenciis saxiT vlindeba. 

konstituciuri brZola arsebobisaTvis gamoixateba TavdacviTi fiziologiuri reaqciebiT 

cxrili 11-1 
sezonis ganmavlobaSi erTi individis reproduqciis ricxovnoba

saxeoba
laTinuri 
saxelwodeba

STamomavalTa
raodenoba

adamiani Homo sapiens 1

ZaRli Canis familaris 7 (1 – 22)

mgeli Canis lupus 3 – 10

SoSia Sturnus vulgaris 5 – 8 kvercxi

Cveulebrivi ankara Nartix natrix 15 – 30 kvercxi

giurza Vipera lebetina 15 _ 20 kvercxi

samefo kobra Ophiphagus hannah 20 – 40 kvercxi

Cveulebrivi gombeSo Bufo bufo 1200 – 7000 qviriTi

tbis bayayi Rana ridibunda 5000 – 10000 qviriTi

mTvare Tevzi Mola mola ~300000000 qviriTi

virTevza Cadus morhua 2,5 – 10 milioni qviriTi

kalmaxi Salmo truta 200 – 6000 qviriTi

adamianis askarida Ascaris lumbricoides 200000 kvercxi 24 sT-Si

oTaxis buzi Musca domestica 600 – 2000 kvercxi

xilis buzi Drosophila melanogaster 100 kvercxi

lencofa Hyascyanus niger ~ 446500 Tesli

wiwmatura Capseila bursa-pestoris ~ 73000 Tesli

mindvris nari Cirsium arvence ~ 35000 Tesli

babuawvera Taraxacum officinale ~ 100000 Tesli

xaSxaSi Papaver somniferum ~ 30000 Tesli
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mavne abiotur faqtorebze (gvalva, sicive, marilianoba....). mag., siciveSi xSiria bewvis ganviTareba, 
zamTarSi an zafxulis gvalvebisas - ZilquSi, anabiozSi gadasvla da misT. cxovelebSi igi vlindeba 
agreTve qceviTi aqtebiT, rogoricaa soroSi CaZroma, incistireba, niadagSi Camalva, sabinadro ad-
gilis Secvla da sxv. 

xazgasmiT unda aRiniSnos, rom brZola arsebobisaTvis moicavs ara marto konkurentul ur-
TierTobebs, aramed organizmTa urTierTmimarTebaTa sxva formebsac (mag., kooperacia, urTierT
daxmareba da sxv.), rac mimarTulia sicocxlis SenarCunebisa da STamomavlobis dacvisaken. arsebo-
bisaTvis brZolas C. darvini ganixilavda, rogorc bunebrivi gadarCevis winapirobas. 

bunebrivi gadarCeva da misi ZiriTadi formebi

bunebrivi gadarCevis Aarsi. moZRvreba bunebrivi gadarCevis Sesaxeb evoluciis sinTezu-
ri Teoriis qvakuTxeds warmoadgens. C. darvinis ganmartebiT, bunebrivi gadarCeva aris sasargeblo 
individualur gansxvavebaTa an cvlilebaTa mqone individebis SenarCuneba da sazianoTa mospoba. 

adapturi evolucia oretapiani procesia. mutaciuri cvalebadobisa da bunebrivi gadarCevis 
moqmedeba erTmaneTisagan gamijnulia. mutaciis Sedegad warmoiqmneba axali genetikuri variante-
bi. amdagvari dajgufeba pirobiTia, vinaidan mutaciis adapturi Rirebuleba konkretul saarsebo 
garemoSi vlindeba. im individebs, romelTac meti dadebiTi mutanturi alelebi aqvT, warmatebuli 
gamravlebisa da sqesmwife STamomavlobis datovebis meti Sansi gaaCniaT.

arsebobisaTvis brZolaSi populaciis Semadgenel individTa erTi nawili iRupeba an ver to-
vebs STamomavlobas, nawili ki gadarCeba. metwilad iRupebian saziano variaciis mqone individebi, 
xolo gadarCebian sasargeblo variaciis mqoneni. gadarCenili individebi TavianT niSan-Tvisebebs 
gadascemen STamomavlobas. yovel momdevno TaobaSi sasargeblo variaciebis wili gacilebiT meti 
iqneba, vidre wina TaobaSi iyo. am procesis mravaljeradi ganmeoreba TaobaTa manZilze (biologiur 
droSi) iwvevs saziano variaciaTa mqone individebis eliminacias da sasargeblo variaciaTa mqone 
formebis gadarCenas, rac uzrunvelyofs arsebobisaTvis brZolaSi gamarjvebas. amgvari mutaciuri 
cvalebadobiT nairgvari masala warmoiqmneba. bunebrivi gadarCeva warmoqmnili masalidan saukeTe-
so variantebs tovebs, xolo danarCenis wundebas _ eliminacias axdens.

bunebrivi gadarCevis genetikur-evoluciuri arsi imiT gamoixateba, rom populaciaSi dife-
rencirebulad (araSemTxveviTad) inaxeba garkveuli genebi, momdevno Taobasac genebi SerCeviT ga-
daecema. amrigad, bunebrivi gadarCeva aris ukeT Seguebuli individebis gadarCena da STamomavlo
bis datoveba; konkretul saarsebo garemoSi garkveuli genotipebis SerCeviTi SenarCuneba da maTi 
gadacema momdevno TaobebisaTvis.

bunebrivi gadarCevis damamtkicebeli argumentebi. XIX saukunis bolos da XX s-Si 
mravali eqsperimentuli gamokvleva Catarda C. darvinisa da a. uolesis mier mowodebuli bunebrivi 
gadarCevis hipoTezis dasasabuTeblad. TvalsaCino argumentebi mxolod XX s-is Sua periodSi iqna 
mopovebuli. kerZod, dasabuTda, rom bunebrivi gadarCeva mTavari da erTaderTi mimarTuli evo-
luciuri faqtoria, romelic gadamwyvet 
rols asrulebs organuli samyaros isto-
riul ganviTarebaSi. yovelive zemoT aR-
niSnulma ganapiroba am hipoTezis bune-
brivi gadarCevis Teoriad Camoyalibeba. 

klasikuri magaliTia industriuli 
melanizmis movlena. XIX-XX ss. ganviTa-
rebul industriul raionebSi qarxnebis 
gamonabolqvma garemos dabinZureba ga-
moiwvia. mcenareuli safari gaiWvartla. 
aseT raionebSi muqi Seferilobis mwe-
rebma populaciidan Ria formebi gan-
devnes. dasavleT evropaSi mwerebis 80-ze 
met saxeobas Seferiloba Seecvala. maTi 
Semadgeneli populaciebi ZiriTadad 
muqi Seferilobisaa. es movlena kargadaa 
Seswavlili aryis xis mzomelas peplebSi 
(Biston betularia). inglisis araindustriu-
li raionebis populaciebSi gvxdeba Ria 
formebi. peplebs aqvT Ria monacrisfro-
kremisferi, Sav winwklebiani frTebi (for-

sur. 11.6. aryis xis mzomelas peplebis normaluri da melanis-
turi Seferiloba. peplebi aryis xis qerqis fonze da gaWvart-
lul xis qerqis fonze.
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ma tipica). isini Ramis peplebia, dRisiT uZravad sxedan aryis xis qerqze. maTi Seferiloba exameba 
aryis xis qerqsa da masze arsebul mRierebs. industriul raionebSi gvxvdeba muqi ruxi (f. insularia) da 
mura-Sav frTebiiani (f.carbonaria) individebi. wlebis ganmavlobaSi industriul raionebSi sawarmoo 
narCenebiT tyeebi imdenad SeiWvartla, rom aryis xeze mRierebi moispo, xolo qerqi Savi Seferilo-
bis gaxda. am fonze muq formebs mfarvelobiTi Seferiloba aReniSnaT. isini nakleb SesamCnevni arian 
(sur. 11.6). bunebrivi gadarCeva frinvelTa meSveobiT xdeba: advilad amCneven da Wamen Ria Seferi-
lobis peplebs. arasamrewvelo raionebSi sapirispiro movlena SeiniSneba. inglisis Zlier dabinZu-
rebul raionebSi gvxvdeba carbonaria, SedarebiT nakleb dabinZurebulSi - insularia, xolo araindu-
striul raionebSi, sadac tyeebi daubinZurebelia -tipica. 

b. qeTluelma (1958) Seiswavla gadarCevis gavlena peplebis melanisturi formebis gavrcele-
baze. man birmingemis maxloblad Zlier gaWvartlul tyeSi gauSva saRebaviT moniSnuli samive for-
mis peplebi, Semdeg maT satyuaraTi iWerda peplebs da aRricxavda gadarCenili individebis rao
denobas. gamoirkva, rom frinvelebi Ria Seferilobis peplebs orjer mets anadgurebdnen, vidre muq 
formebs. analogiuri cda man Caatara dorsetSi, sadac tyeebi gaWvartluli araa. aryis xis TeTr 
fonze frinvelebi advilad amCnevdnen muq peplebs da isini orjer meti nadgurdeboda, vidre Ria 
formebi. mas Semdeg, rac garemos dacvas gaWuWyianebisagan didi yuradReba mieqca, kerZod, qvanaxSi-
ris gamoyeneba sawvavad mkveTrad Semcirda, adgili aqvs uku process.

mRrRnelebSi da mwerebSi Sxamqimikatebisadmi, xolo paTogenur mikroorganizmebSi farmako-
logiuri preparatebisadmi rezistentulobis amaRleba gadarCevis wamyvani rolis damadasture-
beli mniSvnelovani argumentia. 1944 wels daavadebis gadamtan da sasoflo-sameurneo mavneble-
bis winaaRmdeg farTo maStabiT gamoiyenes insteqticidi ddt. 1960 wlisTvis ukve gamoavlines am 
Sxamqimikatisadmi rezistentuli 120 saxeobis mweri, maT Soris 60 saxeoba rezistentuli aRmoCnda 
ramdenime inseqticidis mimarT. orfrTianebSi Catarebuli gamokvlevebiT gamoirkva, rom ddt-s ze-
moqmedebiT 4-7 Taobis ganmavlobaSi am Sxamqimikatisadmi medegoba 100-jer izrdeba. isini uZleben 
iseT dozebsac ki, romelic sawyisi formebis 100%-iT sikvdils iwvevda. Sxamqimikatis zemoqmedebis 
Sedegad gadarCebian erTeuli rezistentuli individebi. gamravlebis potencialis realizaciis 
Sedegad yalibdeba populacia, romelic mxolod Sxamqimikatisadmi rezistentuli formebisagan 
Sedgeba. bunebrivi gadarCevis gziT mwerebis populaciaSi mimdinareobs iseTi alelebis fiqsacia, 
romelic Seguebis farTo speqtrs apirobebs. genebis moqmedebiT erTi mxriv yalibdeba Sxamqimika-
tebis damSleli efeqturi fermentuli sistema, meore mxriv izrdeba maTi SeuRwevadoba organizmSi, 
aseve uyalibdebaT rTuli qcevebi, romlebiTac Tavs arideben Sxamian garemos.

sur. 11.7. a. adamianis eriTrocitis forma normasa da namglisebrujredovani anemiis dros. b. 
HBs alelisa gavrceleba da sixSire afrikis mosaxleobaSi; parazitis gavrcelebis areali.
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sanimuSo magaliTia namglise-
brujredovani anemiis gavrceleba adami
anis zogierT populaciaSi. homozigoti 
(HbS/HbS) individebi anemiiT (xSirad ver 
aRweven reproduqciul asaks) iRupebian. 
miuxedavad amisa, letali, recesiuli 
HbS alelis sixSire zogierT populacia-
Si sakmaod maRalia, kerZod im raionebSi 
(samxreTi da dasavleTi afrika, xmelTa-
SuazRvispireTi, pakistani, indoeTi), sa-
dac malaria aris gavrcelebuli. afrikis 
zogierTi aborigenebis 40%, indoeTis 
zogierT regionSi mosaxleobis 10-15% 
heterozigotebia (HbA/HbS). populacia-
Si letaluri alelis maRali sixSiriT 
fiqsacia imiTaa gamowveuli, rom hetero-
zigotebi gacilebiT rezistentulebia 
daavadebisadmi, vidre normaluri homo-
zigotebi (HbA/HbA). im regionSi, sadac ma-
lariaa gavrcelebuli, heterozigotebs 
aReniSnebaT seleqtiuri upiratesoba ho-
mozigotebTan SedarebiT: HbS/HbS geno-
tipis individebi anemiiT, xolo HbA/HbA 
genotipis individebi malariiT iRupebian 
(sur. 11.7). rodesac Camoyalibebuli ni-
Sani adaptur mniSvnelobas kargavs, maSin 
misi SenarCuneba populaciaSi aRar xdeba 
da letali genis koncentracia genofon
dSi TandaTanobiT qveiTdeba. aSS-sa da 
braziliis zang mosaxleobaSi (am terito-
riaze malaria ar gvxdeba) heterozigot 
individTa raodenoba gacilebiT nakle-
bia (9-10%), vidre im afrikelebSi, saida-
nac isini iReben saTaves (ix. Tavi 7; genuri 
daavadebebi).

kvlevis uaxlesi argumentebi. 
bolo 20 wlis ganmavlobaSi bunebrivi gadarCevis genetikuri meqanizmebis gamokvleva intensiurad 
mimdinareobs. amJamad am problematikiT gacilebiT meti mecnieria dakavebuli, vidre odesme. isi-
ni bunebriv gadarCevasa da saxeobaTa warmoSobas molekuluri biologiis uaxlesi teqnologiebiT 
ikvleven. 

amerikelma mecnierebma k. holderma da j. bulma (2004) nawlavis baqteriis or monaTesave fag-
ze gamoikvlies bunebrivi gadarCevis moqmedeba. isini fagebs maRal temperaturaze amravlebdnen. 
fagebi eqstremalur pirobebs umokles droSi Seeguvnen. adaptaciis procesi orive fagSi msgavsad 
warimarTa. igi Tavdapirvelad aCqarebulad mimdinareobda, Semdgom Senelda da bolos stabiluri 
gaxda. mecnierebma fagis dnm-Si adaptaciis ganmsazRvreli ubnebi gamoavlines. analogiurad evo-
luirebs adamianSi moxvedrili virusebi da paTogenuri mikrobebi. isini swrafad iZenen samkurnalo 
preparatebisadmi rezistentobas, ris gamoc xSirad daavadebis mkurnaloba gaZnelebulia. kargad 
aris Seswavlili aiv-is (adamianis imunodeficitis virusi) molekuluri evolucia. virusi ukur-
nebel daavadebas _ Sidss iwvevs. adamianis organizmSi moxvedrili virusi swrafad mravldeba da 
masSi mutaciis Sedegad genTa nairgvari axali variantebi warmoiqmneba; maT Soris iseTebic, rom-
lebic viruss samkurnalo preparatebisadmi mdgradobas sZenen. mkvlevarebma mravali saxis Sidsis 
samkurnalo preparati Seqmnes, magram am wamlebis gamoyenebis Sedegad xdeba wamlis mimarT mdgradi 
virusebis gadarCeva. mkurnalobis dasawyisSi virusebs Soris SeiZleba SemTxveviT aRmoCndes konk-
retuli medikamentis mimarT ramdenime mdgradi virusi. virusebi, romlebic mkurnalobis dasawyis-
Si preparats gadaurCebian, wamlisadmi rezistentobis genebs Tavis STamomavlobas gadacemen. me-
dikamentis mimarT mdgradi virusebis raodenoba populaciaSi swrafad izrdeba da pacientebis am 
preparatebiT mkurnaloba araefeqturi xdeba.

amerikelma mecnierebma d. Semskem da d. bredSoum gamoavlines (2004) erTi genis cvlilebiT 
gamowveuli axal saxeobaTa warmoqmna. maT Seiswavles tuCosanTa ojaxis ori monaTesave saxeoba. 

sur. 11.8. tuCosanTa gvar Mimulus-Si saxeobaTa warmoSobis 
eqsperimentuli mtkicebuleba. 
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erT-erTi (Mimulus lewi-
sii) vardisfer yvavilebs 
ikeTebs da mas metwi-
lad bazebi mtveraven. 
meore saxeoba (Mimulus 
cardinalis) kaSkaSa wiTel 
yvavilebs ikeTebs da, 
ZiriTadad, kolibre-
biT imtvereba. niSans 
erTi genis (YUP) ori 
gansxvavebuli aleli 
gansazRvravs. orive 
saxeoba erTsa da imave 
arealSia gavrcelebu-
li. isini erTmaneTs ver 
ejvarebian, vinaidan 
sxvadasxva cxovelebiT 
imtverebian (moqmedebs 
ekologiuri izolacia).

amerikelma mec-
nierebma genuri inJi-
neriis meTodebis ga-
moyenebiT ori saxis 
hibridis konstruireba 

moaxdines. pirvel tips M. lewisii-is genomSi cardinalis-is YUP genis aleli hqonda Canergili. hibride-
bi narinjisfer yvavilebs ikeTebdnen da bunebriv pirobebSi maT metwilad kolibrebi mtveravdnen. 
meore tipis hibrids _ piriqiT, M. cardinalis-is genomSi M. lewisii-is YUP genis aleli hqonda Caner-
gili. meore tipis hibridebi vardisfer yvavilebs ikeTebdnen da bunebriv pirobebSi maT metwilad 
kelebi da bazebi mtveravdnen (sur. 11.8) am zoofiluri saxeobebis formirebaSi YUP genma gadamwyve-
ti roli Seasrula. maSasadame, bunebrivi gadarCeva axal saxeobaTa warmoqmnisas martiv genetikur 
cvlilebebs iyenebs. 

bunebrivi gadarCevis formebi. Tanamedrove evoluciur TeoriaSi sakvanZoa sakiTxia 
bunebrivi gadarCevis formebis Sesaxeb. populaciur doneze gadarCevis sam ZiriTad formas gamo-
yofen: mastabilizebels, mamoZravebelsa da dizruptuls (sur. 11.9).

mastabilizebeli gadarCeva aris bunebrivi gadarCevis iseTi forma, romelic mimarTulia 
populaciaSi niSnis saSualo, adre Camoyalibebuli mniSvnelobis SenarCunebisa da mdgradobis amaR-
lebis realizaciisaken. igi mimdinareobs normidan nebismieri gadaxris eliminaciis gziT. 

mastabilizebeli gadarCevis moqmedebisas upiratesad mravldebian da STamomavlobas tove-
ben is individebi, romelTac populaciisaTvis damaxasiaTebeli niSnis saSualo maCvenebeli aqvT. 
individebi, romelTac saSualo normidan nebismieri mimarTulebiT fenotipurad gansxvavebulia, 
iRupebian. mastabilizebeli gadarCeva inaxavs da aZlierebs adre Camoyalibebul adaptaciur ni-
Snebs. igi moqmedebs metnaklebad ucvlel garemo pirobebSi. bunebrivia, am pirobebSi moqmedebas 
agrZelebs mutaciuri procesi, arsebobisaTvis brZola da bunebrivi gadarCeva, magram individebSi 
adre Camoyalibebuli adaptaciuri niSnebi ar icvleba. warmoqmnili mutaciebi mavnea, vinaidan arR-
veven garemosTan im Seguebulobas, romelic Camoyalibda populaciis evoluciis procesSi, amito-
mac axali adaptaciebi aRar warmoiqmneba. inaxeba mxolod ukve miRweuli SeguebiTi norma. amrigad, 
mastabilizebeli gadarCevis yvelaze TvalsaCino Sedegia ukve arsebuli adaptaciuri niSnebisa da 
niSnebisaTvis damaxasiaTebeli reaqciis normis SenarCuneba da stabilizacia. 

mastabilizebeli gadarCevis moqmedebis sailustraciod moviyvanT ramdenime magaliTs. ame-
rikelma orniTologma g. bampersma 1898 wlis zamTarSi manhetenis quCebSi (niu _ iorkis ubani) Se-
agrova Zlieri qarbuqisa da yinvisagan gaToSili da cocxalmkvdari 136 saxlis beRura (Passer do-
menstiaus). laboratoriaSi isini gaaTbes da Cautares biometriuli analizi. gadarCnen is beRurebi 
(mxolod 72), romelTa niSnebi populaciis saSualo maCveneblebs uaxlovdeboda. nebismieri niSnis 
mixedviT (frTis, niskartis da sxeulis sigrZe, sxeulis masa da sxv.) normidan gadaxrili frinvele-
bi daiRupnen. 

entemofilur mcenareebSi yvavilis forma da zoma SedarebiT ufro stabiluria, vidre anemo-
filurebSi. yvavilisa da maTi damtveravi mwerebis zomebi erTmaneTs miesadageba. yvavilis agebu-
lebis mdgradoba mastabilizebeli gadarCeviT SenarCundeba. mdgradoba mravali milioni wlis man-
Zilze mimdinare entemofiluri mcenareebisa da maTi damtveravi mwerebis erToblivi (SeuRlebuli) 

sur. 11.9. A _ mastabilizebeli, B _ mamoZravebeli da C _ dizruptuli gadar-
Cevis moqmedebis sqema.
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evoluciTaa ganpirobebuli. xdeboda 
Secvlili yvavilis mqone mcenareebis 
,,wundeba‘‘. vinaidan mwerebi maT ver mtve-
ravdnen, Tesls mxolod ,,standartuli” 
yvavilis mqone mcenareebi ikeTeben. 

cocxali sistemis organizaciis 
nebismier doneze niSnebis SenarCune
ba mastabilizebeli gadarCevis Sedegia. 
organizaciis molekulur doneze misi 
moqmedebiT iqmneba sicocxlis bioqimiu-
ri erTianoba da universaloba, kerZod 
genetikuri kodis universaloba (viru-
sebSi, prokariotebsa da eukariotebSi 
erTnairi genetikuri kodi funqcirebs), 
cilis msgavsi aminomJavuri Sedgeniloba 
(SenebaSi 20 saxis aminomJava monawileobs), 
xerxemlian cxovelebSi hemis molekulis 
erTnairi agebuleba da sxva. organiza-
ciis ujredul doneze mastabilizebeli 
gadarCevis moqmedebiT SenarCunebulia 
organoidebis erTnairi struqtura da 
funqcia (eukariotebSi), mitozuri da me-
iozuri gayofis erTnairi meqanizmi da 
sxv. saxeobis doneze ki persistentuli 
formebis arseboba. mastabilizebeli ga-
darCevis xangrZlivi moqmedebis Sedegad 
zogierTi saxeoba (e.w. persistentuli 
formebi) mravali aTasi da milioni Tao-
bis ganmavlobaSi TiTqmis ucvleli darCa. 
amgvari ,,cocxali namarxi” saxeobebia: mo-
luski neopilina (daaxloebiT 600 milioni 
welia, rac arsebobs), moluski nautilusi 
(daaxloebiT 500 milioni weli), maxvilku-
dianebi (daaxloebiT 400 milioni weli), hateria (daaxloebiT 230 milioni weli), gingko (daaxloebiT 
240 milioni weli), cianobaqteriis zogierTi saxeoba (aranakleb 1,5-2 miliardi weli) da sxv. (sur. 
11.10) 

mamoZravebeli gadarCeva bunebrivi gadarCevis iseTi formaa, romelic niSnis an Tvisebis sa-
Sualo mniSvnelobis cvlilebas gansazRvruli mimarTulebiT warmarTavs. zogjer mas darvinul 
gadarCevasac uwodeben. igi mastabilizebeli gadarCevis alternatiuli formaa, romelic garemos 
Secvlisas moqmedebs da axali adaptaciuri niSnebis Camoyalibebas iwvevs. mamoZravebeli gadarCevis 
meSveobiT axal garemoSi gamousadegari Zveli norma axliT icvleba da misi ganmtkiceba xdeba. in-
dividebi, romelTac aqvT sasargeblo cvlilebebi, advilad eguebian axal saarsebo garemos da met 
STamomavlebs toveben. individebi, romelTac axal garemoSi upiratesoba ara aqvT, eliminirdeba. 
populaciaSi TandaTanobiT vrceldeba sasargeblo gadaxra da yalibdeba axal-axali adaptaciebi. 

mamoZravebeli gadarCevis sailustraciod ramdenime magaliTs moviyvanT. klasikuradaa aRia-
rebuli ingliseli zoologis v. ueldonis (1877) mier jer kidev C. darvinis sicocxleSi kiborCxa-
laze Catarebuli gamokvlevebi. xuTi wlis ganmavlobaSi igi akvirdeboda cxovelebs. q. plimutis 
(inglisi) navsadgurSi axali jebiris aSenebam farTo salayuCe napralis mqone cxovelebis elimina-
cia gamoiwvia. gadarCnen viwro salayuCe napralis mqone kiborCxalebi. gamoirkva, rom jebirma wylis 
cirkulaciis darRveva gamoiwvia. ori mdinaris mier Camotanili minarevebiT wyali imRvreoda. 
wyalSi Setivnarebuli kirqvis minarevebi ileqeboda farTo napraliani kiborCxalebis layuCebSi 
da isini iRupebodnen. daskvna dadasturda Catarebuli eqsperimentiT: akvariumSi moaTavses orive 
formis 248 kiborCxala da ganuwyvetliv amRvrevdnen wyals. swrafad daiRupa 154 cxoveli, yvela 
maTgans farTo salayuCe naprali aRmoaCnda. 

1947 wels inglisSi virTagvebis winaaRmdeg gamoiyenes antikoagulanti-varfarini. satyuara-
Ti nivTierebis miRebis Semdeg cxovelebi CxubSi an sxva gziT warmoqmnili nakawrebidan sisxldenis 
Sedegad iRupebodnen. 1958 wels SotlandiaSi pirvelad aRmoaCines formebi, romlebzedac prepa-
rati aRar moqmedebda - varfarinisadmi medegi (e. w. ,,supervirTagvebi”) formebi. 1960 w. ki inglisis 
mraval mxareSi warmoiSvnen rezistentuli populaciebi, romlebic mTeli albionis kunZulze gan-

sur. 11.10. reliqturi formebi: A _ hateria (Sphenodon punc-
tatus); B.latimeria _ (Latimeria chalumnae); C. oposumi _ (Didel-
phis marsupialis); D. ginkgo _ (Ginkgo biloba).
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saxldnen. gamoirkva, rom rezistentulobas iwvevda erTi mutanturi dominanti geni. 
funqciuri uvargisobis SemTxvevaSi mamoZravebeli gadarCeva niSnis dakargvas iwvevs. zogierT 

mwerebsa (okeaniis kunZulebze) da frinvelebSi (mag., kivi, siraqlema, pingvini) frTebis, gvelebSi 
-kidurebis, CliqosnebSi - TiTebis, mRvimis cxovelebSi - Tvalebis, parazit mcenareebSi - foTle-
bisa da fesvebis dakargva mamoZravebeli gadarCeviT gamowveuli organoTa reduqciis naTeli maga-
liTebia. 

bunebaSi gadarCevis orive (mastabilizebeli da mamoZravebeli) forma mudmivad moqmedebs. Se-
saZlebelia drois erT monakveTSi erTi ufro metad moqmedebdes, vidre meore. mastabilizebeli 
gadarCeva konservatorul rols asrulebs, xolo mamoZravebeli ki - progresuls. isini komplemen-
tur moqmedebas avlenen. mastabilizebeli inaxavs da amagrebs evoluciur gardaqmnebs, romelic ma-
moZravebeli gadarCevis Sedegad miiReba. 

dizruptuli gadarCeva. bunebrivi gadarCevis iseTi formaa, romelic iwvevs Tvisobrivad 
gansxvavebuli ramdenime formis (fenotipuri klasis) arsebobas da moqmedebs Sualeduri niSnis 
(saSualo mniSvnelobis) sawinaaRmdegod. mas xSirad damanawevrebel gadarCevasac uwodeben. gadar-
Cevis es forma gacilebiT iSviaTad gvxvdeba, magram evoluciur gardaqmnaSi mniSvnelovani rolis 
Sesruleba SeuZlia. igi moqmedebs maSin, roca erT teritoriaze garkveul saarsebo pirobebSi ar-
sebobisaTvis brZolaSi genotipTa arcerTi jgufi ver aRwevs absolutur upiratesobas. garemo pi-
robebis meryeoba (mag., sezonuri cvlilebebi, klimaturi faqtorebi) xels uwyobs populaciaSi ram-
denime gansxvavebuli fenotipis arsebobas. am dros erT pirobebSi mimdinareobs erTgvari niSnebis, 
sxva pirobebSi - sxvagvari niSnebis gadarCeva. populaciaSi gadarCevis zewolam SeiZleba gamoiwvios 
misTvis damaxasiaTebeli saSualo maCveneblidan fenotipebis gadaxra sxvadasxva mimarTulebiT. 
Sualedi formebis eliminaciis Sedegad populacia ramdenime jgufad - subpopulaciad nawevrdeba. 
Tu subpopulaciebs Soris genTa nakadi garkveuli mizeziT Sewydeba, TiToeulma maTganma SeiZleba 
dasabami misces axal saxeobas. rig SemTxvevaSi gadarCevis es forma iwvevs erT populaciaSi ramde
nime gansxvavebuli fenotipis warmoqmnas (e. i. polimorfizmis warmoSobas). polimorfizmis yvela 
SemTxveva dizruptuli gadarCevis moqmedebis Sedegia. misi saboloo Sedegi SeiZleba warmovidgi-
noT, rogorc mamoZravebeli da mastabilizebeli gadarCevis erTdrouli da monacvleobiTi moqme-
deba. dizruptuli gadarCeva mamoZravebeli gadarCevis msgavsad progresul funqcias asrulebs. 

sailustraciod mxolod erT klasikur magaliTs moviyvanT. baRis lokokinaSi (Cepeae namora-
lis) individebi gansxvavdebian niJaris SeferilobiT. maT aqvT yviTeli (rodesac cxoveli cocxalia, 

mwvaned gamoiyureba), vardisferi da yavi-
sferi (nairgvari elferiT) niJarebi. igi 
uzolo an zoliania (zolebis raodenoba 
1-5-ia). gansxvavdebian niJaris bagis Sefe-
rilobiT, romelic TeTri, vardisferi an 
muqi yavisferia. yvela CamoTvlili niSa-
ni genetikuradaa determinebuli.

lokokinebiT frinvelebi (Ziri-
Tadad SaSvi) ikvebebian. isini qvaze am
tvreven niJaras da gamoaqvT SigTavsi. 
damsxvreuli niJarebis SeswavliT ga-
moirkva, rom moqmedebs seleqciuri 
faqtorebi. metwilad nadgurdebian fo-
nisagan gansxvavebuli individebi. sadac 
garemo foni erTgvarovania (mag., balaxi, 
tyis safari) seleqciuri upiratesoba 
yviTel da yavisfer uzolo formebs aqvT. 
Wrel fonze (mag., saZovrebi, sxlteebi) 
muqzoliani formebi iZenen seleqciur 
upiratesobas. populaciis saarsebo ga-
remos foni icvleba wliuri sezonebis 

mixedviT. polimorful populaciebs foniT gansxvavebuli adgilebi uWiravT. marTalia, frinvele-
bis mier fonisagan gansxvavebuli individebi ganuwyvetliv nadgurdeba vinaidan arc erT maTgans 
ar gaaCnia seleqciuri upiratesoba, wlidan wlamde gansxvavebul formaTa Tanafardoba ucvlelia 
(sur. 11.11). 

sqesobrivi gadarCeva. bunebriv gadarCevas, romelic calsqesian individebSi mxolod erTi 
sqesis individebs exeba, sqesobrivi gadarCeva ewodeba. sqesobriv gadarCevas yuradReba miaqcia 
C. darvinma ,,saxeobaTa warmoSobaSi‘‘. igi aRniSnavs: ,,gadarCevis es forma ganisazRvreba arsebo
bisaTvis brZoliT ara sxva organizmebis an garemo pirobebis winaaRmdeg, aramed erTi da imave sqe

sur. 11.11. niJaris Seferiloba da zolianoba baRis lokokinaSi.
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sis individTa, upiratesad mamrebs Soris 
meore sqesis individTa dauflebisaTvis. 
amis Sedegad warumatebeli mamri ki ar 
kvdeba, aramed xdeba misi STamomavlobis 
SezRudva an sruli Sewyveta”. 

sqesobrivi gadarCeva bunebrivi 
gadarCevis kerZo SemTxvevaa, romelic 
mimdinareobs populaciis erTi sqesis 
individebs Soris gamravlebisa da STa-
momavlobis datovebisaTvis. C.darvini 
gamoyofda sqesobrivi gadarCevis or 
formas. erT SemTxvevaSi mdedri pasiuri 
rCeba da brZola mimdinareobs mamrebs 
Soris mdedris dasaufleblad. brZola-
Si gamarjvebuli Zlieri, jansaRi, kargad 
ganviTarebuli mamri am Tvisebebs gada-
scems STamomavlobas. meore SemTxvevaSi 
mamrebi erTmaneTs konkurencias uweven 
mdedris moxibvlaSi. am dros mdedri 
aqtiuria da irCevs mamrs. am SemTxveva-
Si Zlierdeba meoreuli sasqeso niSnebi 
(mamris mokazmuloba, kaSkaSa Seferiloba 
da misT.). 

zogjer mkveTri Seferiloba, ga-
loba, specifikuri suni da sxva iseTi 
genotipis gadarCevas iwvevs, romlebic 
gamravlebas uzrunvelyofs. meore mxriv, 
es niSnebi arRveven SeniRbvas da aqvei-
Tebs gadarCenadobas. am uaryofiT Tvise-
bebs zogjer dadebiTi mniSvneloba aqvs 
mTeli saxeobisaTvis, vinaidan sasarge-
blo niSnebis mqone mamrebi toveben STa-
momavlobas da amiT Tavisi wvlili SeaqvT 
populaciis genofondis formirebaSi. sqesobrivi gadarCevis Sedegia sqesobrivi dimorfizmi (sur. 
11.12). 

bunebrivi gadarCevis mniSvneloba. populaciis ganviTarebas mxolod bunebrivi gadarCeva 
warmarTavs. igi biologiuri evoluciis erTaderTi maorganizebeli da warmmarTveli faqtoria. am 
procesSi bunebrivi gadarCeva iyenebs elementarul evoluciur masalas _ mutaciebs. igi moqmede-
bis procesSi iqvemdebarebs evoluciis danarCen elementarul faqtorebs, kerZod, mutaciur pro-
cess, genTa nakads da genTa dreifs. amasTanave, bunebrivi gadarCeva aerTianebs da erTimeoresTan 
aTanxmebs yvela elementaruli faqtoris moqmedebas. amdenad igi mikroevoluciis makontrolebe-
li da maorganizebeli faqtoria. 

11.9. adaptacia _ bunebrivi 
gadarCevis Sedegi 

adaptacia aris organizmTa mor-
fo-fiziologiur, qceviT, popula-
ciur da sxva nebismier Tavisebureba-
Ta erToblioba, romelic xels uwyobs 
konkretul saarsebo garemoSi saxeobis 
arsebobas. adaptacia bunebrivi gadar-
Cevis moqmedebis Sedegad yalibdeba. igi 
niSandoblivia sicocxlis organizaci-
is yvela donisaTvis. adaptacia yvelaze 
mkafiod pasiuri Tavdacvis saSualebaTa 
gamomuSavebisas vlindeba. sailustra-
ciod ramdenime sanimuSo magaliTs mo-

sur. 11.13. Seferilobis sezonuri cvlileba siasamurSi.

sur. 11.12. sqesobrivi dimorfizmi kolxur xoxobsa da lomSi.
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viyvanT.
mfarvelobiTi (kriptuli) Sefe-

riloba. mfarvelobiT SeferilobaSi 
igulisxmeba garemo fonTan organizmis 
Seferilobis msgavseba, ris gamoc cxo-
veli Znelad SesamCnevi xdeba. igi pasiu-
ri Tavdacvis saSualebaa. mfarvelobiTi 
Seferiloba farTod aris gavrcelebuli 
cxovelTa samyaroSi. igi gamoiyeneba mta-
cebelTagan Tavdasacavad. magram amgva-
ri TavdacviTi forma xSirad gvxvdeba 
mtaceblebSic, rac xels uwyobs SeumC-
nevlad Causafrdes an mieparos msxver-
pls. mfarvelobiTi Seferiloba onto-
genezis nebismier stadias axasiaTebs. 
zRvis planqtonis mravali cxovelis 
kvercxebi, larvebi da zrdasruli for-
mebi gamWvirvale da mtrebisaTvis SeumC-

nevelia. kvercxebi, romlebsac mwerebi foTlebze da ylortebze deben, mwvanea, iqedan gasuli lar-
vebic metwilad mwvane ferisaa. frinvelebi, romlebic budes farul adgilas (soro, xis fuRuro 
da misT.) iSeneben, kvercxebs TeTrs deben, xolo romlebic Ria adgilebSi iSeneben budes, kvercxebi 
nairgvari Seferilobisaa da exameba garemo fons. rogorc bude, ise kvercxebi mtaceblebisaTvis 
nakleb SesamCnevia. 

zrdasruli cxovelebis umetesoba exameba ga-
remo fons. mwvane garemoSi mobinadre cxoveli ume-
tesad mwvane ferisaa. magaliTisaTvis SeiZleba da-
vasaxeloT kutkalia, mwvane Coqela, mwvane bayayi, 
vasaka, mwvane xvliki, xis gveli da sxv. Ramis cxove-
lebs aqvT odnav SesamCnevi ruxi Seferiloba (bu, 
Ramura, virTagva, Tagvi). udabnos cxovelebi moyvi
Talo an mura - yviTelia (mag., udabnos kalia, varani, 
kobra da sxv.). polarul mxareSi cxovelebi TeTrad 
arian Seferilni (TeTri daTvi, yarsaRi, TeTri bu da 
sxv.). zog cxovels (kambala, skarosi, qameleoni....) 
Seferiloba male ecvleba garemo fonis mixedviT. 
CrdiloeTis cxovelebs axasiaTebT Seferilobis 
sezonuri cvlileba (siasamuri, yarsaRi, TeTri kur-
dReli, TeTri gnoli da sxv.). maT zamTarSi TeTri 
Seferiloba aqvT, sxva sezonebSi ki ara (sur. 11.13). 

cxovelTa saerTo Seferilobas Tan erTvis mo-
xatuloba (winwklebi, zolebi, xazebi), ris gamoc igi 
fons metad emsgavseba. mag. Ramis peplebi xis qerqze 
garindulad yofnisas moxatulobiT mRierebs an 
dabzarul qerqs emsgavsebian da frinvelebisaTvis 
SeumCnevelia. 

danawevrebiTi (dizruptuli) Seferilo-
ba mfarvelobiTi Seferilobis nairsaxeobaa. cxo
vels aqvs kontrastuli zolebi an xalebi (kerZod, 
sxeulze muqi da naTeli ubnebi erTmaneTs enacvle-
ba). mkveTri xazebiT TiTqos SemosazRvrulia sru
liad gansxvavebuli sxeuli, romelic aracocxal 
sagnebs an mcenareebs Camohgavs. sxeulis erTiani 
forma garemo fonze ikargeba. amdagvari Seferilo-
ba bunebaSi farTodaa gavrcelebuli. igi axasiaTebs 
zogierT mwers, Tevzebs, amfibiebs, qvewarmavlebs, 
frinvelebsa da ZuZumwovrebs. magaliTad zebra, 
vefxvi gaSlil velzec ki 50-70 m-is manZilidan Zne-
li SesamCnevia sxeulze arsebuli zolebisa da ga-
remos Suq-Crdilebis Tanxvedris gamo warmoadgens 

sur. 11.14. dizruptuli Seferiloba zebraSi. 

sur. 11.15. Tvalis muqi zoliT SeniRbva. A _ Te-
vzi, B _ gveli, C _ bayayi, D _ CanTosani Wian-
WvelaWamia.
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(sur. 11.14). rig SemTxvevaSi 
marto cxovelis konturebi 
ki ar erwymis garemos, aramed 
gaZnelebulia cxovelis sasi-
cocxlo mniSvnelobis orga
noebis garCeva. magaliTad, 
mraval aramonaTesave cxo-
vels msgavsi aqvT muqi zo-
lebiT an laqebiT SeniRbuli 
Tvali (sur. 11.15). dizrup-
tuli Seferiloba efeqtu-
ria Tavdasacavad garemoSi 
adekvaturi fonis arsebobi-
sas.

gamafrTxilebeli (apo-
somaturi) Seferiloba. cxo-
vels aqvs mkveTri, TvalSisa-

cemi Seferiloba. igi axasiaTebs zog cxovels, rac mis saWmelad uvargisobaze winaswar mianiSnebs. 
gamafrTxilebeli Seferiloba axasiaTebs im cxovelebs, romlebsac aqvs msusxavi ujredebi (mravali 
aqtinia), Sxamiani jirkvlebi da eklebi (zogi Tevzi da mweri), Sxamiani sxeuli an lorwo (salamandra, 
gombeSo, vasaka, zogierTi Sxamiani gveli, xvliki), arasasiamovno sunis an mwveli siTxis gamoyofis 
unari (zogierTi xoWoebi, baRlinjoebi, peplebi da sxv.). magaliTad, krazanas da bazs kaSkaSa yviTe-
li zolebi aqvT, cnobilia kaSkaSad Seferili Sxamiani gvelebic. 

mimikria. mfarvelobiTi Seferilobis erT-erTi nairsaxe-
obaa. mimikria aris erTi saxeobis cxovelis mimsgavseba kargad 
dacul da saWmelad gamousadegar aramonaTesave saxeobebTan 
(mimetizmi) an aracocxal garemo sagnebTan da mcenareebTan (mi-
mezia). magaliTad, pepela mzomelas matli saSiSroebis SemTxve-
vaSi xis totze iWimeba da irindeba da xis roks emsgavseba. Coqela 
sxeulis feriTa da formiT marcvlovanTa foTols emsgavseba, 
Coqela filumi foTols, xolo Cxirulebi xis totebs emsgav
sebian (sur. 11.16). 

mimikriis meore kerZo SemTxvevaa mimetizmi. Tavdacvis sa-
Sualebebs moklebuli, uwyinari cxovelebi saWmelad gamousade-
gar an kargad daculi (aposomaturi Seferilobis) genetikurad 
aramonaTesave saxeobebs emsgavsebian. am SemTxvevaSi, cxoveli _ 
imitatori (saWmelad vargisi forma) garegnobiT emsgavseba me-
ores _ models (aposomaturi Seferilobis formas), romelsac 
SecdomaSi Sehyavs mesame _ potenciuri mteri (operatori).

cxovelebSi gamoyofen or ZiriTad formas: beiTsiseul 
da miuleriseul mimikrias. beiTsis mimikriis dros (pirve-
lad aRwera gamoCenilma bunebismetyvelma da mogzaurma g. 
beiTsma). saarsebo garemoSi imitatori (saWmelad vargisi, 
Tavdacvis saSualebebs moklebuli forma) da modeli (Sxamia-
ni an sakvebad gamousadegari forma) erTdroulad arian. magaliTad, peplebis ojaxis hepliko-
nidebis warmomadgenlebs, romelTac aposomaturi Seferiloba da arasasiamovno suni aqvT, 

emsgavsebian frinvelebisaTvis 
saWmelad vargisi amazonis velis 
peplebi TeTreulasebrTa ojaxi-
dan. kunZul Srilankaze gavrce-
lebuli oboba Myrmarachne formosa 
baZavs im WianWvelebs, romlebic 
budes xis foTlebze ikeTeben (ix. 
sur. 11.17). beiTsis mimikria aRwe-
rilia xerxemlian cxovelebSic. 
magaliTad, gugulis mimsgavseba 
miminosTan. uwyinari ankara simo-

sur. 11.17. oboba (Myrmarachne formo-
sa) imitirebs WianWvelas.

sur. 11.18. beiTsiseuli mimikria: aposomaturi Seferilobis mar-
jnisfer aspitTan uSxamo ankara simofisis (qvemoT) mimsgavseba. 

sur. 11.16. mimezia mwerebSi.A A– Coqela formiT emsgavseba marcvlovanTa fo-
Tols. B –filumi emsgavseba foTols. AC –Cxirula emsgavseba xmel tots.
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fisis (Simophis rhinostoma) imitireba 
marjnisfer aspitTan (Micrurus frontalis, 
aReniSneba morigeobiT ganlagebuli 
didi zomis wiTeli da patara zomis Savi 
da yviTeli irgvlivi zolebi) (sur. 11.18). 
magaliTad, uwyinari uSxamo afrikuli 
kvercxismWameli gveli (Dasypeltis sca-
ber), rogorc SeferviT da formiT, ise 
muqaris demonstraciiT imitirebs metad 
Sxamian gvels qviSnaris efas (Echis carina-
ta). rodesac gveli SeSinebulia sxeulis 
erTmaneTTan mWidrod mijril naxevar
rgolebad kecavs, gverdze ganlagebuli 
qerclebis xaxuniT gamoscems specipikur 
bgerebs. pepela minafrTiana, ara mar-
to garegnulad waagavs krazanas, aramed 
muqaris niSnad bzuis kidec. buzi CuxCu-
xela, romelic moxatulobiT krazanas 
aslia, wina fexebs krazanas ulvaSebis 
msgavsad amoZravebs da masaviT bzuis 
(sur. 11.19). moxatulobiT xmeli foTlis 
msgavsi mravali pepela saSiSroebisas mcvivani foTlebis msgavsad wriulad moZraobs da miwaze day

ril foTlebze eSveba. 
zogjer imunuri formebi erTma-

neTs baZavs. es movlena pirvelad gamoCe-
nilma entomologma f. miulerma aRwera. 
mimikriis am formas miuleris mimikrias 
uwodeben. samxreT amerikaSi gavrcele-
buli peplebis sxvadasxva ojaxis warmo-
madgenlebi (Danaidae, Neotropidae, Heli-
conidae) erTmaneTs emsgavsebian da isini 
erTad binadroben. am imunuri peplebis 
urTierTmibaZviT Fmimikriis rgolebiF 
warmoiqmneba. frinvelebi imunur for-
mebs sakuTari gamocdilebis safuZvel-
ze cnoben. peplebis garkveuli nawili 
axalgazrda an gamoucdeli frinvelebis 
msxverpli xdeba. peplebis es raodenoba 
sxvadasxva saxeobis populaciaTa Soris 
nawildeba, ris gamoc ama Tu im saxeobis 
individTa eliminacia mcirdeba (sur. 
11.20). 

mcenareebSi mimikria ZiriTadad sa-
sargeblo cxovelTa mizidvasa da mavne 
cxovelTa daSinebas emsaxureba. magali-

Tad, WinWars (modeli) Zlier emsgavseba sruliad sxva ojaxSi gaerTianebuli WinWris deda (imita-
tori). zogierTi mcenare (imitatori) mxolod garkveuli organoTi emsgavseba sxva mcenareebs (mo-
dels) da amiT atyuebs cxovelebs. magaliTad, uneqtro yvavilebi emsgavseba neqtrianebs da mwerebs 
dasamtverad izidavs. jadvaris yvavili emsgavseba mdedr futkarsa da krazanas da mamr individs 
izidavs. zogierTi mweriWamia mcenaris foToli yvavils baZavs formiT da gamoyofs surnelovan 
mwebvare nivTierebas (mag., drozera, veneras buziWeria). 

adaptaciis warmoqmnis meqanizmi. organizmis, populaciis, saxeobisa da ekosistemis mier 
evoluciis procesSi SeZenili yvela Tavisebureba ama Tu im saxis adaptacias warmoadgens. adap-
tacia gulisxmobs saarsebo garemosadmi organizmebis (maT Soris populaciebis, saxeobebis) srul 
harmonias; aseve specialur Tvisebebis Camoyalibebas, riTac konkretul garemoSi miiRweva orga
nizmis sicocxlis SenarCuneba da warmatebuli gamravleba. sxvadasxva saarsebo garemoSi organizmis 
niSan-Tvisebis gamovlenis xarisxi garkveul (reaqciis normis) farglebSi icvleba. ase magaliTad, 
foTlis firfitis formis cvlileba wylis mcenareebSi (isara, wylis baia da misT.); sezonuri di-
morfizmi cxovelebSi da sxv. es unari organizmebma istoriuli ganviTarebis procesSi SeiZines da 

sur. 11.19. beiTsiseuli mimikria mwerebSi. krazanasTan (SuaSi) 
buzebis mimsgavseba. 

sur. 11.20. miuleriseuli mimikria. samxreT amerikaSi gavr-
celebuli peplebis sxvadasxva ojaxis (Danaidae, Neotropidae, 
Heliconidae) arasasiamovno sunisa da gemos mqone saxeobebi 
erTmaneTs baZaven.
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maT memkvidruli aparati (genotipi) akontrolebs. adaptaciis warmoSobis aucilebeli wina pirobaa 
memkvidruli cvalebadobis arseboba. igi unda daeqvemdebaros evoluciis faqtorebis, upirveles 
yovlisa, bunebrivi gadarCevis moqmedebas. igi iwvevs populaciaSi sasargeblo genebis Semcveli 
genotipebis formirebas da specializebuli niSanis Camoyalibebas. rodesac niSani mamoZravebeli 
gadarCevis moqmedebiT miesadageba saarsebo garemos, masze moqmedebas iwyebs mastabilizebeli ga-
darCeva da populaciaSi misi SenarCuneba xdeba. rodesac niSani seleqciur mniSvnelobas kargavs, 
e. i. ar eqvemdebareba mamoZravebeli, mastabilizebeli an dizruptuli gadarCevis moqmedebas, igi 
reducirdeba da qreba. amrigad, adaptaciis Camoyalibeba da misi srulyofa bunebrivi gadarCevis 
moqmedebis Sedegad xorcieldeba. 

adaptaciis fardobiTi xasiaTi. nebismieri adaptacia konkretuli saarsebo pirobebisaTvis 
yalibdeba. igi uzrunvelyofs individis gadarCenas da STamomavlobis datovebas mxolod im konk-
retul pirobebSi, romlebSic evoluciis elementaruli faqtorebis zemoqmedebiT yalibdeba. am-
denad nebismieri adaptacia fardobiT xasiaTs iZens. garkveuli konkretuli pirobebisadmi Camoya-
libebuli adaptacia, sxva pirobebSi ara marto usargebloa, aramed sazianoc SeiZleba aRmoCndes. 
ase magaliTad, swrafad mcuravi Tevzebis TiTistarisebri forma da layuCebiT sunTqva srulyo
filad aguebs cxovels wylian garemos, igive samarjveebi sruliad gamousadegaria xmeleTze arse-
bobisaTvis. namgalasa da mercxals gaaCniaT grZeli frTebi da kargad arian adaptirebuli haerSi 
frenasa da sarCos mopovebasTan. magram miwaze isini savsebiT ususurni arian. sezonuri dimorfiz-
mis mflobeli cxoveli (TeTri kurdReli, TeTri gnoli, yarsaRi da sxv.) Tovlze SeumCnevelia, Tu 
Tovli adre ar movida, maSin TeTri Seferiloba maT aaSkaravebs. adaptacia im konkretuli saarsebo 
pirobebisTvisac ki, romelSiac is aris Camoyalibebuli SefardebiTi xasiaTisaa. ase magaliTad, kus 
javSani efeqturad icavs zogierTi Tavdamsxmelisagan, magram araefeqturia mtacebeli frinvele-
bis winaaRmdeg. mtacebeli frinveli brWyalebiT itacebs cxovels, aaqvs haerSi da Camoagdebs. ba-
kani skdeba, sxeuli SiSvldeba da frinvelisTvis saWmelad xelmisawvdomi xdeba. mravali frinveli 
mfarvelobiTi SeferilobiT saimedod exmareba fons, magram suni aaSkaravebs da mtaceblis msxver-
pli xdeba. WinWars msusxavi bususebi saimedod icavs zogierTi cxovelisagan (lokokina, loqora da 
misT), magram sakvebad iyenebs pepela meWinWrias muxluxi. mravali cxoveli ar etaneba eklian mce-
nares, magram zogierTi cxoveli maT sakvebad iyenebs (magaliTad, aqlemi ikvebeba cercvekalaTi). 
fardobiTia TavdacviTi Seferiloba, mimikriis movlena. mravali frinveli ar etaneba moxatulo
biT futkrisa da krazanas msgavs mwerebs, magram zogi frinveli (mag., kvirioni) kenkavs futkar-
sa da krazanas, aseve mis msgavs mwerebsac. adaptaciogenezSi zogjer organizmebs reciprokuli 
adaptaciebi uyalibdebaT. zogierT formaSi TavdacviTi Taviseburebebis gamomuSaveba, potenciur 
momxmareblebSi sapirispiro samarjveebis Camoyalibebas iwvevs, riTac TavdacviTi Seguebis efeqti 
neitraldeba an ukiduresad qveiTdeba. zogierTi rZiana mcenare Seicavs toqsins, ris gamoc mra-
vali cxoveli ar etaneba, magram zogierTi peplis muxluxis (danaida, sfinqsi...) ZiriTadi sakvebia. 
Sxamiani gveliT ikvebeba zogierTi cxoveli (mangusti, gveliWamia arwivi, frinvelmdivani da misT.). 
unda aRiniSnos, rom zogierTi gvelismWameli cxoveli Sxamisadmi imunuria. adaptacia fardobiTia, 
radgan Cndeba saxeobis arsebobis gansazRvrul safexurze da Semdgom evoluirebs da misi gasrul-
yofileba xdeba. adaptacias garkveuli sazRvrebi gaaCnia. organul samyaroSi verc erTi adaptacia 
absolutur srulyofilebas ver aRwevs. amrigad, igi yovelTvis fardobiT xasiaTs atarebs.

11.10. saxeobaTa warmoqmna

sawyisi saxeobidan erTi an ramdenime axali saxeobis warmoqmnis process saxeobaTa war-
moqmna ewodeba. saxeobaTa warmoqmna mikroevoluciis saboloo Sedegia. igi saxeobis SigniT popu-
laciebis diferencirebiT iwyeba, romelebic divergenciis Sedegad axal saxeobebad gardaiqmnebian. 
amJamad gamoyofen saxeobaTa warmoSobis or ZiriTad gzas: alopatriuls da simpatriuls. 

saxeobaTa alopatriuli warmoqmna. saxeobaTa alopatriuli (allos _ sxva, patris _ samSoblo) 
warmoqmna ewodeba sivrcobrivad izolirebul populaciebis saxeobad diferenciacias. saxeobaTa 
warmoqmna sxvadasxva teritoriaze aris yvelaze bunebrivi da gavrcelebuli gza. alopatriuli gziT 
saxeobaTa warmoSobis mniSvnelovani argumentia galapagosis arqipelagze gavrcelebuli darvini-
seuli mTiulebis saxeobebi. kontinentidan SemTxveviT moxvedrili frinvelTa mcire jgufi gamra-
vlda da sxvadasxva kunZulze gansaxlda. sivrcobrivad izolirebul jgufebis konkretul saarsebo 
garemosTan (kerZod, sakvebisadmi) Seguebam axal saxeobaTa Camoyalibeba gamoiwvia (sur. 11.21). 

axali saxeobis Camoyalibebis erT-erTi xerxi dakavSirebulia arealis izolirebul nawile-
bad dayofasTan. sawyisi, farTo gavrcelebis saxeobis fragmentaciis Sedegad SeiZleba ori an meti 
axali saxeoba Camoyalibdes. am gziT warmoiSva SroSanas gvarSi (Convallaria) gaerTianebuli saxeo-
bebi. sawyisi saxeoba gavrcelebuli iyo evraziis foTlovan tyeSi da didi areali eWira. meoTxeul 
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periodSi gamyinvarebis Sedegad areali 
nawilebad daiyo. mcenare SemorCa amier-
kavkasiis, samxreT evropisa da Soreuli 
aRmosavleTis tyian zolSi. calkeul 
teritoriaze gadarCenili formebidan 
sami damokidebuli saxeoba Camoyalibda, 
evropaSi C. majalis, amierkavkasiaSi C. 
trauscavcasica, Soreul aRmosavleTSi ki 
C. keiskii. 

saxeobis Camoyalibebis meore xerxi 
dakavSirebulia sawyisi saxeobis arealis 
gafarToebasTan. arealis gafarToebis 
dros saxeobis populaciebi axal saar-
sebo garemoSi aRmoCndebian. Semdgom 
mikroevoluciurma procesma SeiZle-
ba axali saxeobis warmoqmna gamoiwvios. 
baltiisa da CrdiloeTis zRvebis sanapi-
roze gavrcelebulia Tolias ori saxe-
oba: vercxlisferi Tolia (Larus argen-
tatus) da didTolia (L.fuscus) (sur. 11.22). 
es ori saxeoba erTmaneTs ukavSirdeba 
qvesaxeobebiT warmoqmnili uwyveti rgo-
lebiT. isini, erTi mxriv, gvxvdeba Crdi-
lo evraziaSi, meore mxriv grenlandiasa 
da CrdiloeT amerikaSi. zemoT dasaxe-
lebuli saxeobebis warmoSobis istoria 
Semdegia. am Toliebis winapari ramdenime 
aTasi wlis winaT beringis srutesTan bi-
nadrobda. igi gansaxlda aRmosavleTiT 
da dasavleTiT. Camoyalibda qvesaxeobe-
bisagan Semdgari ori uwyveti jaWvi. yve-
la mezobel qvesaxeobaSi gaerTianebuli 

individebi erTmaneTs ejva-
rebian da fertilur STamo
mavlobas iZlevian. baltiisa 
da CrdiloeTi zRvis raionSi 
aRmosavleTisa da dasavle-
Tis jaWvis kidura qvesaxeobis 
rgolebi erTmaneTs Sexvdnen. 
mikroevoluciis procesSi 
calkeul qvesaxeobebSi bio-
logiur gansxvavebaTa da-
groveba sakmarisi aRmoCnda 
ori damoukidebeli saxeobis 
Camosayalibeblad. Tu ori 
saxeobis damakavSirebeli ro-
melime rgoli gawyda, maSin 
ori, sruliad damoukidebeli 
saxeoba Camoyalibdeba. 

saxeobaTa alopatrul 
warmoqmnas sivrcobrivi izo-
laciis esa Tu is forma uZevs 
safuZvlad. igi SedarebiT 
nela, aseul aTas TaobaTa 
ganmavlobaSi mimdinareobs. 
drois aseT did SualedSi 
izolirebul populacia-
Ta Soris iseTi biologiuri 

sur. 11.21. darviniseuli mTiulebi. galapagosis kunZulebze 
gavrcelebuli endemuri 13 saxeobis mTiula, romelic sam 
gvarSia gaerTianebuli: 1. miwis mTiulebi (1-6). 2. mgalobeli 
mTiula (7). 3. mexeuri mTiulebi (8-13).saxeobebi gansxvavde-
bian niskatis formiTa da zomiT rac kvebiTma specializaciam 
gamoiwvia. 

sur. 11.22. didi Toliebis qvesaxeobebis uwyveti rgolebi. vercxlisferi 
Tolia (Larus argentatus) da didTolia (L.fuscus). gamoyofilia calkeul 
qvesaxeobaTa areali. Crdilo-dasavleT evropaSi jaWvis kidura wevrebi 
erTmaneTs xvdeba, magram ar ejvarebian. isrebiT naCvenebia gansaxlebis is-
toriuli gza.
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cvlilebebi yalibdeba, rac maT repro-
duqciul izolacias iwvevs. saxeobaTa 
alopatruli warmoqmna yovelTvis saxe-
obrivi arealis formirebasTan aris da-
kavSirebuli. 

saxeobaTa simpatriuli warmoqm-
na. saxeobaTa simpatriuli (syn _ erTad, 
patris _ samSoblo) warmoqmnis dros axa-
li saxeobis Camoyalibebis procesi Zve-
li saxeobis arealSi mimdinareobs. igi 
ramdenime gziT SeiZleba ganxorciel-
des. pirveli maTgani dakavSirebulia 
uecar gardaqmnasTan (e.w.saxeobaTa myi-
sieri warmoqmna). igi avtopoliploidiis 
dros xdeba. saxeobaTa amgvari warmoqmna 
ZiriTadad mcenareebisTvisaa damaxasia-
Tebeli. mcenareTa zogierT gvarSi ga-
erTianebuli saxeobebi qromosomaTa je-
radi ricxviT gansxvavdebian. igi sawyis saxeobaSi momxdari qromosomaTa ricxvis proporciulad 
gadidebis Sedegia. aseT gvarebSi gaerTianebuli saxeobebi poliploidur rigs qmnian. ZaRlyurZe-
nas (Solanum) gvarSi qromosomaTa haploiduri kompleqti aris n=6. poliploiduri rigi warmod-
genilia 12, 24, 36, 48, 60.....146 qromosomiani saxeobebiT. bunebrivi poliploiduri rigebi gvxvdeba 
vardis, marwyvis, Wangas, Svriis da sxv. gvarSi (sur. 11.23). 

poliploiduri individebi metwilad didi zomisaa. reproduqciulad izolirebuli arian 
sawyisi diploidi saxeobisagan. advilad eguebian mkacr saarsebo pirobebs. arqtikisa da maRalmTia-
ni raionebis flora mdidaria poliploidi formebiT. cxovelTa saxeobaTa warmoqmnaSi poliplo
idebis roli umniSvneloa. 

meore aris saxeobaTa hibridogenuri warmoqmna. igi mcenareebisTvisaa damaxasiaTebeli, ro-
melic gansxvavebuli saxeobebis Sejvarebis gziT warmoqmnil hibridebSi, qromosomaTa ricxvis 
gaormagebiT (e. w. alopoliploidia) xorcieldeba (ix. Tavi 7, mutaciuri cvalebadoba). zogierTi 
mecnieris mosazrebiT mcenareTa saxeobebis 50%-ze meti hibridogenuli (aloploidebi) gziTaa 
Camoyalibebuli. gvar xorbalSi (Triticum) gaerTianebuli poliploiduri rigi warmodgenilia 14, 28 
da 42 qromosomiani saxeobebiT. tetraploid da heqsaploid saxeobebSi calmarcvala xorblisa da 
egilofsis genomebia gaormagebuli (sur. 11.24). aseve kulturuli qliavi (Prunus domenstica, 2n=48) 
warmoiSva kvrinCxis (P.spinosa, 2n=32) da aluCis (P.divericata, 2n=16) hibridizaciisa da Semdgom qro-
mosomaTa gaormagebis Sedegad. 

sezonuri izolaciis Sedegad axal saxeobaTa warmoqmna aris saxeobaTa simpatruli war-
moqmnis mesame gza. mcenareebSi cnobi-
lia mkveTrad gamoxatuli genetikurad 
determinirebuli fenologiuri rase-
bi. es movlena kargad aris Seswavlili 
mcenare xrialaze (Alectorolophus major) 
dakvirvebis gziT (sur. 11.5). igi yamir 
mdeloze mTeli zafxulis ganmavlobaSi 
yvavilobs. populaciaSi gvxvdeba adre 
da gvianmoyvavile formebi. es niSani ge-
netikurad aris determinirebuli. isi-
ni sawyis formebadaa miCneuli. saTib 
mdeloze adamianis uneburi moqmedebiT 
(gaTibva) SenarCunebul iqna adremoyva-
vile individebi, saidanac Camoyalibda 
adremoyvavile forma (Al.m.aestivalis), mas 
Semdeg, rac weliwadSi mdelos orjer ga-
Tibva daiwyes, es ukanaskneli Tavis mxriv 
or formad gaiyo: saadreo sazafxulo 
formad (Al.m.vernalis) da sagviano sa-
zafxulo formad (Al.m.polycladus). isini 
erTmaneTisagan reproduqciulad izolirebulni arian. amrigad, xrialaSi erTi formidan gadarCe-
vis Sedegad ramdenime forma Camoyalibda. Tu gadarCevis pirobebi SenarCunebuli iqneba, maSin Se-

sur. 11.24. xorbalSi (gvari Triticum) saxeobaTa Camoyalibeba 
aloploidiis gziT. diploidi (2n=14) calmarcvala xorba-
li (T. monococcum; genomi AA) bunebriv pirobebSi Seejvara 
velur marcvlovans _ egilopss (Aegilops speltoides; genomi 
BB) da inducirda xorbalis tetraploidi (2n=28) saxeobebi. 
tetraploid xorbals bunebriv pirobebSi kvlav Seejvara 
egilopsis sruliad sxva saxeoba (A.squarosa; 2n=14; genomi DD) 
da Camoyalibda heqsaploidi (2n=42) xorblebi. heqsaploidi 
xorblis saxeobebi mxolod winaaziur centrSi warmoiSva.

sur. 11.23. gvar vardSi (Rosa) gaerTianebuli askilis diploi-
duri (2n=14) da tetraploiduri (2n=28) saxeba.
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saZlebelia TiToeuli maTganisgan axali saxeobebi Camoyalibdes. 
FsagazafxuloF da FsaSemodgomoF formebi gvxvdeba cxovelebSic (zogierTi mweri, salamura, Te-

vzi da sxv.). es formebi morfologiurad msgavsia, genetikurad ki gansxvavdebian. saxeobaTa simpa-
truli warmoqmnisaTvis damaxasiaTebelia Zveli saxeobidan morfofiziologiurad msgavsi axali 
saxeobebis warmoqmna. 

makroevoluciis kanonzomierebani
mikroevoluciis kanonzomierebebis ganxilvis Semdeg mokled gavecnoT im ZiriTad procesebsa 

da movlenebs, romlebic zesaxeobriv kategoriebSi mimdinareobs. zesaxeobrivi donis evoluciuri 
procesebisa da movlenebis erTobliobas makroevolucia ewodeba. mikroevoluciis procesi iwvevs 
populaciebis divergencias, romelic axal saxeobaTa warmoqmniT mTavrdeba. axlad formirebul sa-
xeobebSi es procesi rodi wydeba, aramed SeuCereblad agrZelebs moqmedebas makroevoluciis done-
ze. axlad warmoqmnil saxeobaTa Soris irRveva Sejvarebis procesi, rac gamoricxavs gansxvavebaTa 
nivelirebas. makroevolucia ganapirobebs saxeobaze maRali rangis organizmTa axali didi jgufe-
bis Camoyalibebas da maT filogenezur gardaqmnas. 

makroevolucia vlindeba rogorc mTeli organizmebis, ise maTi calkeuli nawilebis agebu-
lebis gardaqmnaSi. igi mimdinareobs grandiozul periodSi. mag., axali ojaxebisa da rigebis warmo-
qmna moicavs aTeulobiT milion wels, rac gamoricxavs eqsperimentuli Seswavlis SesaZleblobas. 
makroevoluciis Sesaswavlad ZiriTadad paleontologiaSi, biogeografiasa da morfofiziologia-
Si damuSavebul aRwerilobiT meTodebs iyeneben. bolo periodSi molekuluri biologiis meTode-
bic dainerga (dnm-isa da zogierTi cilis struqturis Sedareba). makroevolucias safuZvlad udevs 
igive faqtorebi da procesebi, rac mikroevolucias. amdenad, ar SeiZleba maTi mkveTri gamijvna da 
dapirispireba. 

11.11. makroevoluciis damamtkicebeli argumentebi

biologiis dargebSi (botanika, zoologia, embriologia, paleontologia, genetika, ujredu-
li da molekuluri biologia da sxv.). mravali faqtobrivi masala dagrovda, romliTac organuli 
samyaros ganviTareba da makroevoluciis mimdinareoba sabuTdeba.

molekuluri biologiis argumentebi. yvela organizmi, baqteria iqneba is Tu soko, mce-
nare an cxoveli, qimiuri SedgenilobiT msgavsia. es organuli samyaros evoluciuri ganviTarebis 
erTianobas mowmobs. sicocxlis organizaciis molekuluri donis organizaciasa da SenarCunebaSi 
gadamwyvet rols nukleinis mJavebi da cilebi asruleben. mcenareebsa da cxovelebSi qimiuri Sed-
genilobis erTianoba mtkicdeba qlorofilis (mcenareebi), hemoglobinis (xerxemlianebi), hemocia-
ninis (uxerxemloebi) agebulebis msgavsebiT. rogorc araujredul, ise ujredul formebSi memkvi-
drul informacias nukleinis mJavebi (ZiriTadad dnm, zogierT virusSi rnm) flobs. yvela cocxal 
sistemaSi memkvidreobis erTeuli aris geni da erTiani genetikuri kodi funqcionirebs. genSi ko-
direbuli informaciis mixedviT xorcieldeba cilis sinTezi. cocxal sistemebSi aseve msgavsia ni-
vTierebaTa da energiis cvlis ZiriTadi procesebi (glikolizi, Jangbadiani cvla da misT.). genebi da 
maT mier kodirebuli cilebi homologiuria e. i. saerTo winaprisgan arian warmoSobili.

ujredul biologiaSi (citologiaSi) mopovebulia mravali argumenti, romelic organu-
li samyaros evoluciasa da mis erTian warmoSobas asabuTebs. didi mravalferovnebis miuxedavad 
yvela ujredi msgavsi agebulebisaa. ganviTarebis nebismir doneze myof organizmTa ujredis plaz-
mur membranaSi nivTierebaTa transporti msgavsad mimdinareobs. prokariotuli ujredidan evolu-
ciis procesSi Camoyalibda eukariotuli ujredi. nebismier eukariotSi mitozi da meiozi msgavsi 
zogadi principiT mimdinareobs. (am sakiTxebs me-4 da me-6 TavSi Tqven ukve gaecaniT da masze aRar 
SevCerdebiT). 

argumentebi SedarebiTi embriologiidan. XIX s. meore naxevarSi jer kidev k. berma Se-
niSna, rom xerxemlianebis Canasaxebi ganviTarebis adreul etapebze erTmaneTis msgavsia. umdables 
formaTa niSnebis gamovlena maRali organizaciis organizmTa ontogenezSi jer kidev C. darvinamde 
iyo cnobili. mxolod C.darvinma SeZlo ganemarta es movlena da ganixila igi, rogorc winapruli 
niSnebis ganmeoreba. rekapitulacia ganapirobebs erTi da imave tipis farglebSi sxvadasxva cxove-
lis embrionTa msgavsebas (C .darvini, f. miuleri). Canasaxebis msgavsebis safuZvelze C darvinma da 
e.hekelma gamoitanes daskvna: ontogenezis procesSi mimdinareobs winapruli niSnebis gameoreba 
(rekapitulacia). es movlena biogenezuri anu rekapitulaciis kanonis saxiT Camoayaliba e. hekel-
ma (1866). am kanonis arsi SemdegSi mdgomareobs: calkeuli individis ganviTareba (ontogenezi) aris 
saxeobis istoriuli ganviTarebis (filogenezis) umTavresi etapebis mokle da swrafi ganmeoreba _ 
rekapitulacia. 

ganviTarebis adreul etapze vlindeba Zlier Soreuli winapruli niSnebi, xolo ganviTare-
bis ufro gvian stadiaze ki SedarebiT axlo monaTesave winapris niSnebi. yvela mravalujrediani 
organizmi gadis erTi ujredis stadias (zigota an spora). igi mravalujredianebis erTujrediane
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bidan warmoSobis mimaniSnebelia. mrava-
lujrediani cxovelebi gadian agreTve 
erTSriani ujredebisagan warmoqmnil 
sferul (blastulis) stadias. igi agebu-
lebiT zogierT Tanamedrove koloniur 
organizms (mag., volvoqss) Camohgavs. 
cxovelebSi ganviTarebis Semdgomi sta-
dia (gastrula) orSrian topraks an sfe-
ros Camohgavs. agebulebiT Tanamedrove 
nawlavRruianebs (mag., .hidra) Seesabame-
bian. yvela xerxemlian cxovels ganviTa-
rebis adreul stadiaze gaaCniaT qorda. 
miaCniaT, rom maT winapar cxovelebs qor-
da mTeli ontogenezis manZilze aReni-
SnebodaT. 

analogiuri kanonzomierebebi 
SeimCneva adamianis embrionul ganviTa
rebaSic. adamianis Canasaxi ganviTarebis 
adreul stadiebze hgavs Tevzis, amfi
biis, qvewarmavlis Canasaxebs. SedarebiT 
gvian stadiebze ki _ ZuZumwovrebs. yve
laze gvian stadiaze adamianis msgavs mai-
munebis nayofs (sur. 11.25). 

SedarebiTi anatomiis argu-
mentebi. xerxemlian cxovelebs (Tevze-
bi, amfibiebi, qvewarmavlebi, frinvelebi, 
ZuZumwovrebi) agebulebis erTiani gegma 
aqvT. igi yvela xerxemlianis monofile-
tur evoluciur warmoSobaze miuTiTebs 
(damatebiT ix. biomravalferovneba). 

mcenareTa da cxovelTa sxvadasxva taqsonebSi gaerTianebuli saxeobebis SedarebiTi anatomiu-
ri SeswavliT gamovlenilia homologiuri, analogiuri da rudimentuli organoebi. maTi SeswavliT 
ara marto evoluciis versifikacia xdeba, aramed mimdinareobs kanonzomierebebis Seswavlac. orga-
noebs, romelTac agebulebis erTiani gegma aqvs, erTnairi warmoSoba axasiaTebT da analogiur (mag., 
Tevzebis, amfibiebis, qvewarmavlebis, ZuZumwovrebis guli) an gansxvavebul (mag., frinvelis frTa 
da adamianis xeli) funqcias asruleben homologiuri organoebi ewodeba (sur. 11.26). homologiis 
SeswavliT SesaZlebelia organos warmoSoba dadgindes, mag., gvelebis Sxamiani jirkvlebi saxecvli-
li sanerwyve jirkvlebia, xolo muSa futkris nestari saxecvlili kvrcxsadebi. mcenareebSic ho-
mologiuri organoebi zogjer funqcias icvlis. ase magaliTad, bardaSi ulvaSi, xolo kowaxurSi 
eklebi saxecvlil foTlebs warmoadgenen. bolqvi, fesura da gorgli saxecvlili Reroa.

organoebs, romlebic garegnobiT erTmaneTs waagavs da msgavs funqcias asruleben, magram 
gansxvavebuli agebulebis gegma da warmoSoba aqvT, analogiuri organoebi ewodeba. mag. frinve-
lebisa da mwerebis frTebi, xerxemliani cxovelebisa da mwerebis kidurebi, Tevzisa da kibos lay-
uCebi, Txunelasa da maxras mTxreli kidurebi da sxv. mcenareebSi analogiur organoebia vazisa 
(saxecvlili Rero) da bardas 
(saxecvlili foToli) ulva-
Si, aseve askilisa da mayvlis 
qacvi (epidermisis gamonazar-
di), kaktusis ekali (saxecvli-
li foToli) da kunelis ekali 
(saxecvlili Rero) da misT.

evoluciis procesSi 
funqciadakargul, dakninebul 
da naSTis saxiT SemorCenil 
organoebs rudimentuli or-
ganoebi ewodeba. rudimentebi 
TiTqmis yvela organizms aqvs. 
evoluciis procesSi is orga-
noebi, romelTa funqciac axal 
pirobebSi usargeblo xdeba, 
regress ganicdian, rasac Tan 

sur. 11.26. homologiuri organoebi. umaRles xerxemlianTa wina kidurebi.

sur. 11.25. xerxemlian cxovelTa Canasaxis ganviTareba. 1. Te-
vzi. 2. amfibia. 3. qvewarmavali. 4. ZuZumwovari (virTagva). 5. 
adamiani.



274.

Tavi 11

sdevs maTi gaqroba. zogjer maTgan rCeba 
umniSvnelo gamartivebuli naSTebi, ro-
melTac Tavisi pirvandeli funqcia da-
karguli aqvT (mag., adamianis kudusuni, 
yuris niJaris kunTebi, ,,sibrZnis kbili‘‘; 
veSapebSi menjis sartylis naSTi da sxv.). 
zogjer organizms Soreuli winapar-
TaTvis damaxasiaTebeli niSani uyalib-
deba, rasac atavizmi ewodeba. adamianSi 
atavizmis niSania kudisebri danamati, 
Zlieri Tmiani safarveli, mravaldvri-
lianoba; cxenSi samTiTianoba, kvicSi 
zebriseburad Seferiloba da sxv. ru-
dimentuli organoebisgan gansxvavebiT 
atavisturi niSani iSviaTia da calkeul 
individs uyalibdeba. 

gamovlenilia gardamavali for-
mebi, romlebic evoluciis erT-erTi sa-
buTia da calkeuli didi taqsonis war-
moSobaze garkveul warmodgenas iZleva. 
Sualeduri forma Tavis agebulebaSi 
aerTianebs umaRles da umdables taqson-
Ta niSnebs. ase, magaliTad, ixvniskarta da 
eqidna qvewarmavlebis msgavsad kvercxs 
debs da gaaCnia kloaka, xolo gamoCekil 
naSierebs ZuZumwovrebis msgavsad rZiT 
kvebavs. gardamaval formas akuTvne-
ben evglenas (akavSirebs mcenareebsa 
da cxovelebs), lancetas (akavSirebs 
uxerxemloebsa da xerxemlianebs), peri-
patuss (akavSirebs rgolovan Wiebsa da 
fexsaxsrianebs), latimerias (akavSirebs 
Tevzebsa da xmeleTis xerxemlianebs) da 
sxv. (sur. 11.27)

biogeografiis argumente-
bi. biogeografia Seiswavlis dedamiwis 
zedapirze mcenareebisa da cxovelebis 

gavrcelebisa da gansaxlebis kanonzomierebebs. dedamiwis ganviTarebis istoriaSi kontinentebis 
zedapiri araerTgzis Seicvala. paleozour eraSi arsebobda erTiani superkontinerti pangea, ro-

melic mezozur eraSi TandaTanobiT or 
did xmeleTad: lavraziad da gondvanad 
daiyo. amave eris ganmavlobaSi TiToeu-
li maTgani kvlav danawilda. gongvanaze 
farTod iyo gavrcelebuli orgvarad 
msunTqavi (sunTqavdnen layuCebiTa da 
filtvebiT) Tevzebi. isini amJamad re-
liqturi saxeobebia. orgvarad msunTqa-
vi Tevzebis ganxvavebuli saxeobebi um-
niSvnelo raodenobiT SemorCenilia 
samxreT amerikis, afrikisa da avstrali-
is zogierT wyalsatevebSi (sur. 11.28). 
amdagvari gavrceleba erTiani xmeleTis 
gondvanas kontinentebad dayofam ga-
moiwvia. am Sexedulebis adasturebs pipa-
sebrTa ojaxSi gaerTianebuli afrikaSi 
gavrcelebuli dezebiani bayayisa (Xeno-
pus) da samxreT amerikaSi gavrcelebuli 
misi axlomonaTesave saxeoba surinamuli 
pipas arseboba da sxv. 

xazgasmiT unda aRiniSnos avstra-
liis florisa da faunis ukiduresad 

sur. 11.27. gardamavali formebi: a. peripatusi, b. lanceta. 

sur. 11.28. gondvanas materikebaT dayofam orgvarad msunTqa-
vi Tevzebis kontinentSorisi dizunqciuri araelis Camoyal-
ibeba gamoiwvia.
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TviTmyofadoba. aq gavrcelebul reliqtebs _ kvercxismdebel da CanTosan ZuZumwovrebs (Seicavs 
45 gvars), SeiZleba xatovnad cocxali namarxebi ewodos. avstralia godndvanas ufro adre gamoeyo 
(iuruli periodi) da am dros jer kidev ar arsebobdnen placentiani ZuZumwovrebi.

samxreT amerikisa da Crdilo evraziis Sedarebisas mkafiod ikveTeba maTi faunis didi msga-
vseba, saerTo gvarebisa da mravali vikaruli (urTierTSemnacvlebeli) saxeobebis arseboba. es te-
ritoriebi erTmaneTTan iyo dakavSirebuli (maTi gamyofi beringis srute mesameul da meoTxeul 
periodSi mravaljer ,,daSra”). warmoqmnili ,,beringis xidiT” aziidan amerikaSi gadavidnen mamon-
tebi, bizonebi, irmebi da adamiani. xdeboda ukuprocesic, Crdilo amerikaSi farTod gavrcelebu-
li aqlemisa da lamas winapari (ojaxi Camelidae) gansaxlda (e. w. pleistocenuri migracia) aziasa da 
afrikaSi, romelmac gvar Camelus-s daudo saTave. amave gziT Zvel samyaroSi gadmovida cxeni.

makroevoluciis damamtkicebeli argumentebi mopovebulia kontinenturi da okanuri kunZule-
bis florisa da faunis SeswavliT. pirvelni kontinentis garkveuli ubans gamoeyvnen. endemizmi miT 
ufro maRalia, rac ufro didi xnis winaT aris gamijnuli. britaneTis kunZulebi evropidan gamoTi-
Sulan meoTxeuli gamyinvarebis Semdeg, amitomac misi flora da fauna umniSvnelod gansxvavdeba kon-
tineturisgan. kunZuli madagaskari afrikis kontinents miocenSi (160-165 mln. wlis win) gamoeyo, e. i. 
gacilebiT adre, vidre britaneTis kunZulebi. madagaskarze sakmaod didia endemuri ojaxebis, gvare-
bisa da saxeobebis raodenoba da mas damoukidebel zoogeografiul olqad ganixilaven.

okeanuri kunZulebi kontinenturisgan gansxvavebiT saxeobrivi SemadgenlobiT Raribia, ma-
gram gamoirCevian endemuri saxeobebis didi SemcvelobiT. okeanuri kunZulebi orgvaria vulkanuri 
da marjnisa. ukacriel okeanur kunZulebze saxldebian zRviT gamoriyuli, qariT SemTxveviT moxve-
drili individebi (ZiriTadad Teslebi da sporebi), agreTve isini, romlebsac advilad SeuZliaT da-
brkolebebis gadalaxva (Ramurebi, frinvelebi, mwerebi). didi endemurobiT xasiaTdeba galapagosis 
kunZulebi. arqipelagi vulkanuri warmoSobisa (asaki 5-10 mln. welia) da kontinentidan 1000 km-Taa 
daSorebuli. masze binadrobs xmeleTis frinvelTa 37 saxeoba, romelTagan 31 (daaxloebiT 84% ) en-
demuria. aqvea endemuri xvlikebis ori gvari, xmeleTis kuTa 14 saxeoba da sxv.

paleontologiuri argumentebi. paleontologia Seiswavlis organizmTa (mcenare, cxo-
veli, soko, mikroorganizmi) ganamarxebul naSTebs, avlens maT msgavseba-gansxvavebas Tamamedrove 
(neontologiur) organizmebTan. ganamarxebuli naSTebis mixedviT axdenen Soreul warsulSi bina-
dari cxovelisa da mcenaris garegani da Sinagani agebulebis rekonstruqcias, ikvleven calkeuli 
saxeobis evoluciur ganviTarebas (filogenezs), aseve adgenen garkveuli geologiuri epoqisaTvis 
niSandobliv florasa da faunas.

dedamiwis sxvadasxva asakis danaleq qanSi SemorCenili ganamarxebuli naSTebis urTierTSe-
darebiT dadasturda, rom cxovelTa yvela tipisa da mcenareTa yvela ganyofilebis saxeobebi er-
Tdroulad ar warmoSobila. droTa ganmavlobaSi organuli samyaro icvleboda da progresulad 
viTardeboda. umdables formebs cvlidnen ganviTarebis SedarebiT maRal safexurze mdgomi for-
mebi, am ukanasknelTa adgils ki axlad warmoSobili ufro maRali organizaciis mqoneF formebi ika-
vebdnen. uZvelesma qanebma Semogvinaxa umdables mcenareTa da cxovelTa NnaSTebi, ufro gviandelma 
qanebma qordianebisa da xmeleTis sporovani mcenareebis naSTebi. ufro axalgazrda danaleq qanebSi 
vxvdebiT umaRles xerxemlianTa da yvavilovan mcenareTa naSTebs (ix. cxr. 11.2).

                                                                                                                    cxrili 11. 2
 geoqronologiuri Skala da cocxal organizmTa ganviTarebis istoria

   era periodi Aasaki
mln. 
weli

  cxovelTa samefo mcenareTa samefo

kainozouri (65-0 
mnl.wlis win) 

anTropo-
geni
(meoTxeu-
li) 

2.558-0 
mln. 
wlis win)

Tanamedrove cxovelTa samefo, 
adamianis evolucia da gabato-
neba                                                                                                                                  

Tanamedrove mcenareTa 
samefo

neogeni 23.03 -2.55 
mln. 
wlis win

gabatondnen ZuZumwovrebi, 
frinvelebi da mwerebi

farTod vrceldeba yvavil- 
ovani mcenareebi, gansa-
kuTrebiT balaxovnebi. 
mcirdeba SiSvelTeslovne- 
bis flora

 
paleogeni 65.5- 23.03 

mln. 
wlis win

gaCndnen primitiuli primatebi 
(lemurebi, grZelterfiane-
bi), mogvianebiT parapiTekebi, 
driopiTekebi. grZeldeba qve-
warmavlebis gadaSeneba. ispoba 
Tavfexiani moluskebis mravali 
jgufi.



276.

Tavi 11

mezozouri  
(251 _ 65 mln. 
wlis win)

carculi 145 _ 
65.5 mln. 
wlis win

Warboben Zvlovani Tevzebi, 
uZvelesi frinvelebi, mcire 
zomis ZuZumwovrebi. gaCndnen 
umaRlesi ZuZumwovrebi da 
Tanamedrove frinvelebi. ga-
daSendnen giganturi qvewarma- 
vlebi.

Ggabatondnen Tanamedrove 
farulTeslovnebi; Semcir-
da gvimranairebi da SiSvel-
Teslovnebi.

iuruli 199.6 _ 
145.5 
mln. 
wlis win

gabatondnen dinozavrebi, Zvlo-
vani Tevzebi, mwerebi, Tavfexiani 
moluskebi, ga Cnda arqeopteriq-
si; gadaSendnen uZvelesi xrti-
lovani Tev zebi.

Ggabatondnen Tanamedrove 
SiSvelTeslovnebi; gaC-
ndnen farulTeslovne-
bi;    gadaSendnen uZvelesi 
SiSvelTeslovnebi.

triasuli 251 _ 
199.6  
mln. 
wlis win

Warboben amfibiebi, Tavfexiani 
moluskebi, mcenaris mWameli 
da mtacebeli qvewarmavlebi. 
gaCndnen Zvlovani Tevzebi, 
kvercxismdebeli da CanTosani 
ZuZumwovrebi.

Warboben uZvelesi SiSvel-
Teslovnebi; gaCndnen  Tana-
medrove SiSvelTeslovne-
bi; gadaSendnen Teslovani 
gvimrebi.

paleozouri 
( 542 _ 251 mln. 
wlis win)

permuli 299 _ 
251  mln. 
wlis win

gabatonda zRvis uxerxemloebi, 
agreTve zvigenebi; swrafad gan-
viTardnen mwerebi da qvewarmav-
lebi. warmoiSvnen mxeckbila da 
mcenaris mWameli qvewarmavlebi.
GgadaSendnen stegocefalebi da 
trilobitebi.

SiSvelTeslovnebis  da 
balaxovani gvimranaire-
bis siWarbe; warmoiSvnen 
xenairi SiSvelTeslovnebi; 
gadaSendnen xenairi gvimra- 
nairebi (gvimrebi, likopo- 
diumebi da Svitebi)

karbonuli
(qvanaxSi-
ris)

359.2 _ 
299   mln. 
wlis win

gabatonda amfibiebi,   
muluskebi,zvigenebi, orgva-
radmsunTqavi Tevzebi, gaCndnen 
pirveli qvewarmavlebi, mwerebis  
mfreni formebi. obobebi.

xenairi gvimranairebis si-
Warbe; warmoiSvnen Teslo-
vani gvimrebi. gadaSendnen 
fsilofitebi.

devonuri 416 _ 
359.2   
mln. 
wlis win

mZlavrad ganviTardnen faria-
nebi, tri lobitebi, moluskebi, 
kibonairebi, marjnebi. gaCndnen 
mtevanfarfliani da orgvaradm-
sunTqavi Tevzebi, stegoce- 
fali.

mravalferovania fsilofi-
tebis fauna. gaCndnen xavse-
bi, gvimranairebi, sokoebi.

siluruli 443 _ 
416    
mln. 
wlis win

mravalferovania trilobite-
bis, moluskebis, kibonai rebis 
marjnebis  fauna. gaCndnen 
javSniani Tevzebi. xmeleTze 
gavrceldnen mravalfexianebi, 
morielebi, ufrTo mwerebi.

aRiniSneba  wyalmcenareTa 
yvela ganyofilebis didi 
nairgvaroba da siuxve.
mcenareebi gadavidnen 
xmeleTze. gaCndnen fsilo-
fitebi.

ordoviku-
li

kembriuli

488.3 
_ 443.7     
mln. 
wlis win

542 _ 
488.3     
mln. 
wlis win

aRiniSneba uxerxemlo cxovelTa 
yvela tipis swrafi evolucia.
farTodaa gavrcelebuli Rru 
belebi, nawlavRruianebi, Wiebi, 
ekalkanianebi, trilobitebi.  
gaCdnen uybo xerxemlianebi  (fa-
rianebi) da moluskebi

mZlavrad ganviTardnen 
wyalmcenareTa yvela 
ganyofilebis warmomadgen-
lebi.

proterozouri 2500 
_ 542     
mln. 
wlis win

farTod gavrceldnen umartive-
ebi; gaCnda uxerxemloTa yvela 
tipi. warmoiSvnen umdablesi 
qordianebi: qvetipi- uqaloebi.

farTod gavrceldnen 
lurjmwvane da mwvane 
wyalmcenareebi, baqterie-
bi. gaCndnen wiTeli wyalm-
cenareebi.

arqeuli 3800 _ 
2500     
mln. 
wlis win

4600

sicocxlis warmoSoba. prokariotebi (baqteriebi, cianobaqte-
riebi), eukariotebi (umartivesebi), primitiuli mravalujre-
dianebi. 

dedamiwis warmoSoba

makroevoluciis mimdinareobas adasturebs gardamavali namarxi formebis arseboba, rom-
lebmac sxvadasxva tipi da klasi erTmaneTTan daakavSira. ase magaliTad, fsilofitebi umdables 
mcenareTa da gvimranairebis damakavSirebeli rgolia, romlic silurul periodSi warmoiSva. isi-
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ni xmeleTis pirveli WurWlovani mcena-
reebia. namdvili fesvebi ar qondaT. ga-
aCndaT fesurebi da Reroebi, romlebic 
sporangiumebiT bolovdeboda. mniSvne-
lovani gardamavali formaa qvanaxSi-
ris periodSi farTod gavrcelebuli 
Teslovani gvimrebi. maTgan warmoiSva 
SiSvelTeslovnebi. ZuZumwovrebisa da 
Qqvewarmavlebis damakavSirebeli rgolia 
mxeckbiliani reptiliebi (sur. 11.29). 
maT ZuZumwovrebis msgavsi qala, xerxem-
lis malebi da kidurebi hqondaT. kbile-
bi mWrelebad, eSvebaT da ZiriTadebad 
hqondaT diferencirebuli. mniSvnelo-
vani gardamavali formaa arqeopteriqsi 
(sur. 11.30). igi mtredisodena iyo. frin-
velis niSnebTan erTad (bumbuliT dafaruli sxeuli, msxvili mosaqnevi bumbuli, kidurebis Zvlebi 
nawilobriv pnevmatizirebuli) SemorCenili hqondaT qvewarmavlis niSnebi (kbilebi, muclis neknebi, 
reptiliuri qala da malebi, utropo mkerdis Zvali, grZeli malebisgan Semdgari kudi da sxv.).

makroevoluciis versifikaciis sanimuSo magaliTia filogenezuri rigebis arseboba. mxolod 
erT klasikur nimuSs _ cxenis filogenezur rigs ganvixilavT (sur. 11.31). filogenezuri rigi 12 
gvarsa da aTeulobiT saxeobas aerTianebs. am gvaris (Equus) Camoyalibebis procesi 54 mln. wels gr-
Zeldeboda. cxenis uZvelesi, meliis toli winapari hirakoTeriumi (Hyracotherium) eocenSi maRal 
balaxian da buCqnarian garemoSi binadrobda. igi simaRliT 35 sm-s ar aRemateboda da xtunviT ga-
daadgildeboda. wina kidurebze oTx-oTxi TiTi, ukana kidurebze ki sam-sami TiTi hqonda. ikvebebo-
da nazi foTlebiT da balaxiT, razedac kbilebis sada borcviani zedapiri miuTiTebs. oligocen-
Si hava mSrali gaxda mcenareulobas uxeSi foTlebi gauxda. mtrebisgan Tavdacva swraf sirbils 
moiTxovda. am pirobebs Seegua cxenis momdevno winapari mezohipusi (Mesohippus), mas mxolod sam-
sami TiTi gaaCnda, romelTaganac mesame 
TiTi hqondaT dagrZelebuli. stepebis 
metad mSral garemosTan mouwiaT Segueba 
merihipussa (Merychippus) da pliohipuss 
(Pliohippus). isini mSrali da uxeSi balaxiT 
ikvebebodnen. gaSlil velebze mtrisgan 
Tavdacvis efeqturi saSualeba swrafi 
sirbili iyo. rbenisadmi Seguebis gamo 
metad daugrZeldaT da gaumsxvildaT 
mesame TiTi, xolo meore da meoTxe TiTi 
mniSvnelovnad hqondaT damoklebuli. 
kvebiTi Seguebis gamo yba daugrZeldaT, 
kbilebis zedapiri Zlier daunaoWda, 
xolo raodenoba gaezardaT. cxoveli si-
maRleSi da wonaSi metad gaizarda, weli 
gausworda, xerxemali moqnili da mtkice 
gauxda. pliohipusidan warmoiSva Taname-
drove cxeni (Equus). 

11.12. progresuli evoluciis ZiriTadi mimarTulebebi 

gamoyofen filogenetikuri jgufebis evoluciis sam mTavar mimarTulebas: arogenezs, alo-
genezsa da katagenezs. 

alogenezi evoluciis iseTi mimarTulebaa, rodesac jgufis ganviTareba erTsa da imave 
adaptur zonaSi mimdinareobs. jgufis wevrebi adapturi zonidan ar gamodian da masSi xdeba adap-
togenezi. evoluciis Sedegad Camoyalibebuli jgufebi gansxvavdeba erTi da imave masStabis adap-
taciebiT. adapturi zona ki warmoadgens ekologiur niSaTa erTobliobas, romelic organizmebze 
ZiriTadi faqtorebis moqmedebis mimarTulebiT msgavsia. isini gansxvavdeba mxolod detalebiT. 
alogenezis dros organizmebs unarCundebaT agebulebisa da funqcirebis saerTo Taviseburebebi, 
ris gamoc maTi organizaciis done ucvleli rCeba. aRmocendeba organoTa agebulebisa da funqcie-
bis kerZo mniSvnelobis cvlilebebi. amdagvar adaptaciebs idioadaptaciebi anu alomorfozebi ewo

sur. 11.30. arqeopteriqsi. anabeWdi qvaze da cxovelis sava-
raudo forma (rekonstruqcia).

sur. 11.29. mxeckbila qvewarmavali _ qvewarmavlebsa da Zu-
Zumwovrebs Soris damakavSirebeli rgoli.
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deba. alogenezis Sedegia organizmTa 
farTo gavrceleba da dayofa mraval 
naTesaur Stod (e. w. adapturi radia-
cia). alogenezi mimdinareobs nebi-
smier taqsonomiur jgufSi (gvari, 
ojaxi, rigi). mag., mweriWamiebis rigSi 
gaerTianebuli formebi: zRarbi, Txu-
nela, mTixvi, biga da sxv. alogenezis 
Sedegadaa Camoyalibebuli. 

arogenezi evoluciis iseTi 
mimarTulebaa, rodesac SedarebiT 
did taqsonSi zogierT jgufs uya-
libdeba iseTi morfo-fiziologiuri 
niSnebi, romlebiTac organizaciis 
done maRldeba. am axal progresul 
(adaptur) niSnebs aromorfozs uwo-
deben. arogenezis dros xdeba adap-
turi zonis gafarToeba. organizmebi 
gadadian erTi adapturi zonidan me-
oreSi. e. i. xdeba evoluciuri ,,garR-
veva‘‘ axal adaptur zonaSi. didi 
morfo-fiziologiuri cvlilebe-
bis meoxebiT axal adaptur zonaSi 
moxvedrili organizmebi eguebian 
saarsebo pirobebs. axal adaptur zo-
naSi, rogorc wesi, xvdeba mxolod 
calkeuli mcirericxovani jgufebi. 
am gadasvlis process arogenezi ewo-
deba. axal adaptur zonaSi SeRweul 
jgufSi xdeba alogenuri cvlilebe-
bi, ris gamoc jgufi farTod vrcel-
deba da itoteba nairgvar jgufebad 

(sur. 11.32). arogenezis Sedegad warmoiqmneba didi taqsonomiuri jgufebi (tipi, klasi). arogenezis 
Semdeg evolucia ZiriTadad alogenezis gziT mimdinareobs.

arogenezis kargi magaliTia frinvelTa klasis warmoSoba da gafurCqvna. triasul periodSi 
dinozavrebis mcire jgufSi aromorfozulma cvlilebebma (CamouyalibdaT frenis organo-frTebi, 
oTxsakniani guli, haerSi frenis koordinaciis unari, Tbilsisxlianoba, rTuli agebulebis Tavis 
tvini da qerqi) ganapiroba maTi axal adaptur zonaSi gadasvla, xolo alogenezis Sedegad frinve-
lebs CamouyalibdaT adaptaciebi, romlebiTac isini Seeguvnen velze, udabnoSi, tyeSi, wyalsate-
vebSi da a.S. cxovrebas. 

katagenezi (zogadi degeneracia). evolucia yovelTvis garTulebis gziT ar mimdinareobs. 
zogjer axali adapturi zonis dakaveba SeiZleba organizaciis donis gamartivebiT, morfo-fizio-
logiuri degeneraciiT-regresiT ganxorcieldes. katagenezi aris iseTi evoluciuri cvlileba, 
romelic organizaciis donis gamartivebas iwvevs. igi gamowveulia gansakuTrebuli pirobebisadmi 
SeguebiT: aseTia parazituli an mjdomare cxovrebis niri. mas iwvevs, agreTve, aqtiuri kvebidan pa-
siurze gadasvla. degeneraciis dros xdeba cxovelTa da mcenareTa organoebis agebulebis gamarti-
veba. mag., zogierT mravalujredian endoparazit cxovels rigi organoTa sistema da organoebi gau-

martivda, zogi ki saerTod gauqra (mag., 
Tasmisebri Wiebi, nematodebi da sxv.). 
abreSumas ar gaaCnia qloroplastebi da 
foTlebi. igi yvavilovan mcenareebze 
parazitobs. abreSuma wvrili ReroebiT 
Semoexveva patron mcenares da masze war-
moqmnili misawovrebiT (saxecvlili da-
matebiTi fesvebi _ haustoriebi) sakvebs 
wovs. mjdomare da parazit organizmebs 
aqvT kargad ganviTarebuli gamravlebis 
sistema da maRali nayofierebiT gamoir-
Cevian. igi uzrunvelyofs saxeobis Senar-

sur. 11.31. cxenis filogenezuri rigi. 

sur. 11.32. evoluciis mimarTulebebi: arogenezi, alogenezi 
dakatagenezi (zogadi degeneracia).
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Cunebas, ricxovnobis zrdasa da gansaxlebas. 

11.13. biologiuri evoluciis ZiriTadi kanonzomierebebi

divergencia - taqsonis evoluciis pirveladi, elementaruli formaa. divergentuli evo-
lucia iwvevs saarsebo pirobebTan Seguebis procesSi taqsonis dayofas ramdenime jgufad. di-
vergentuli evolucia sxvadasxva doneze xorcieldeba. mikroevoluciis doneze misi moqmedebiT 
yalibdeba gansxvavebuli populaciebi. izolaciis SemTxvevaSi maTgan ramdenime axali saxeobis for-
mirebaa SesaZlebeli. am doneze divergencia Seqcevadi procesia. erTi saxeobis or gansxvavebul po-
pulacias Soris saizolacio meqanizmebis moxsna genTa nakadis gamo maT gaerTianebas (gansxvavebis 
nivelirebas) iwvevs. 

makroevoluciis doneze divergenciis procesi Seuqce-
vadia, vinaidan moqmedebs reproduqtuli izolacia. nebismie-
ri zesaxeobrivi masStabis doneze divergencia evoluciis ma-
moZravebeli faqtorebis (ZiriTadad bunebrivi gadarCeva da 
izolacia) moqmedebis Sedegia. Zveli saxeobis divergenciis Se
degad yalibdeba axali saxeobebi. fuZemdebeli Zveli saxeoba 
dasabams aZlevs axal gvars. aseve, Zveli gvari, romelic axal 
gvarebs aZlevs dasabams, axali ojaxis Camoyalibebis safuZve-
lia. Zveli fuZemdebeli ojaxi ramdenime axal rigad garda
iqmneba da a.S. amrigad mimdinareobs taqsonebis ierarqiulad 
diferencirebis procesi. 

divergenciis erT-erTi klasikuri magaliTia C. darvi-
nis mier Seswavlili galapagosis kunZulebze gavrcelebuli 
mTiulebi. kontinentidan arqipelagze SemTxveviT moxvedril-
ma mcire pionerulma jgufma saTave daudo camet gansxvavebul 
saxeobas, romlebic sam sxvadasxva gvarSia gaerTianebuli. 

konvergencia aris or an met aramonaTesave jgufSi 
fenotipuri msgavsebis Camoyalibebis procesi. aramonaTesa-
ve taqsonomiuri jgufebi zogierT SemTxvevaSi msgavs garemo 
pirobebSi erTnair adaptur niSnebs iZenen. igi erTnairad mi-
marTuli bunebrivi gadarCevis Sedegia. evoluciis es forma 
nebismieri taqsonomiuri donisTvisaa (gvari, ojaxi, rigi da 
misT.) damaxasiaTebeli. mag., wyalSi cxovrebis nirma zogierT 
xerxemlian cxovelSi (zvigeni, ixtiozavri, pingvini, delfi-
ni, selapi) gamoiwvia sxeulisa da moZraobis organoebis didi 
msgavseba (sur. 11.33). CanTosan da placentian ZuZumwovrebSi savsebiT damoukideblad warmoiSvnen 
msgavsi adaptaciebi. CanTosani miwis kurdReli Cveulebriv kurdRels emsgavseba, CanTosani Txune-
la _ Cveulebriv Txunelas, CanTosani mgeli _ Cveulebriv mgels da sxv. 

konvergentuli msgavseba arasodes araa Rrma, cvlilebebi yovelTvis zerelea. 
paralelizmi aris evoluciis procesSi saerTo winapridan warmoSobili taqsonomiur 

jgufTa ganviTareba erTi mimarTulebiT. paralelizmi Cveulebriv axasiaTebT divergenciis Se-
degad Camoyalibebul gansxvavebul jgufebs, romlebsac erTnair garemo pirobebSi mouxdaT arse-
boba. bunebrivi gadarCevis erTi mimarTulebiT mimdinareobis gamo maT STamomavlobaSi yalibdeba 
msgavsi adaptacia (sur. 11.34). mag., Rrma wylis Tevzebis gansxvavebul gvarSi gaerTianebul saxeo-
bebs ganuviTardaT msgavsi manaTebeli organoebi. aseve, iqtiozavrebs (amomwydari qvewarmavlebi) 
da delfinebs gaaCniaT msgavsi RerZuli ConCxi da kbilebi. 

11.14 evoluciis ZiriTadi wesebi 

evoluciis Seuqcevadobis wesi. evoluciis Seuqcevadobis idea wamoayena da daasabuTa C. 
darvinma (1859) xolo kanonad Camoayaliba l. dolom (1893). igi evoluciuri moZRvrebis erT-erTi 
ZiriTadi debulebaa, romlis Tanaxmad evolucia _ Seuqcevadi procesia da organizmi ver daubrun-
deba Tavisi winaprebis mdgomareobas, Tundac igi zustad iseTsave pirobebs Seeguos, romelSic maTi 
winaprebi cxovrobdnen. wylis garemosTan meoreulad Seguebisas xmeleTis xerxemlianebi inarCune-
ben im jgufis Tvisebebs, romlebsac isini ekuTvnian. mag., iqtiozavrebi _ qvewarmavlebisas, veSa-
pi, delfini _ ZuZumwovrebisas da isev Tevzebad ar gardaiqmnebian. evoluciis procesSi erTi da 
igive forma mxolod erTxel SeiZleba gaCndes. Sesabamisad, amomwydari formebis xelmeored gaCena 
SeuZlebelia. 

sur. 11.33. konvergentuli evolucia 
xerxemlian cxovelebSi. 1.zvigeni. 2. 
iqtiozavri. 3. delfini, 4. veSapi.
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araspecializebuli wina-
pridan warmoSobis wesi (e. kopi, 
1896). axali didi taqsonomiuri 
jgufebi sawyiss iReben Sedare-
biT araspecializebuli winapri-
dan. mag. ZuZumwovrebi warmoi-
Svnen qvewarmavlebis garkveul 
araspecializebuli jgufidan. 
maT amfibiebis damaxasiaTebeli 
niSnebic gaaCndaT. SiSvelTe-
slianebs dasabami misca pale-
ozour eraSi gavrcelebulma 
araspecializebulma Teslianma 
gvimrebma. adamianis magvar mai-
munebs saTave daudo afrikaSi 
gavrcelebulma primatebma, isi-
ni nawilobriv miwaze cxovreba-
sac eweodnen. araspecializebul 
winaparSi yalibdeba principu-
lad gansxvavebuli adaptaciebi. 

adapturi radiaciis wesi 
(h. osborni, 1902). nebismier 
sawyis jgufSi (gvari, ojaxi, 
rigi) alogenezi iwvevs mis da-
yofas mraval naTesaur Stod. 
TiToeul maTgans gansxvavebu-
li adapturi niSnebi uyalib-
debaT da eguebian sxvadasxva 
saarsebo pirobas. adapturi ra-
diacia organizmebis sxvadasxva 
mimarTulebiT divergenciis 
Sedegia. adapturi radiaciis 
idea ekuTvnis C. darvins, xolo 
kanonzomiereba Camoayaliba ame-
rikelma paleontologma h. os

bornma. organizmebi iZenen specialur 
adaptacias da ikaveben erTi da imave 
adapturi zonis sxvadasxva niSs. mag., Zu-
ZumwovrebSi adapturi radiaciis Sede
gad Camoyalibda mosiarule (ZaRlebi, 
katebi), morbenali (cxenebi), mxtunavi 
(kurdRlebi), miwis mTxreli (Txunele-
bi), mexeuri (ciyvebi, primatebi), mfrinavi 
(Ramurebi), mcuravi (veSapebi, selapebi) 
da sxva formebi (sur. 11.35). 

11.15 biologiuri 
progresi da regresi 

biologiuri progresi. organizm-
Ta srulyofisa da garTulebis isto
riul process evoluciuri progresi 
ewodeba. biologiuri progresi iwvevs 
organizaciis donis amaRlebas da srul
yofas. zogad progresul cvlilebas 
ganekuTvneba sqesobrivi procesis war-
moSoba, nervuli sistemis diferencire-

sur. 11.34. paraleluri evolucia afrikasa da samxreT amerikaSi gavr-
celebul ZuZumwovrebSi.

sur. 11.35. adapturi radiacia placentian ZuZumwovrebSi. 
saerTo winaparis (centrSi) gansaxlebam da gansxvavebul 
saarsebo garemosTan Seguebam nairgvari formebis warmoqmna 
gamoiwvia.



281.

evoluciuri Teoriis safuZvlebi

ba, mcenareebSi Talusis diferencireba, fotosinTezisa da aerobuli sunTqvis Camoyalibeba da a.S.
biologiur progress Semdegi niSnebi axasiaTebs: 1. jgufebis (populacia, saxeoba, gvari da 

misT.) ricxobrivi mateba; 2. arealis ganvrcoba; 3. axal jgufTa danayofebis (saxeoba, gvari, ojaxi 
da misT.) warmoqmna. 

biologiuri progresi ZiriTadad miiRweva arogeneziT, romlis drosac xdeba aRnagobisa da 
funqciebis srulyofa, axal adaptur zonaSi farTo mniSvnelobis sasargeblo da upiratesobis mom-
cemi adaptaciebis Camoyalibeba. xSirad morfo-fiziologiuri progresi alogenezis (idioadapta-
ciebis Camoyalibebis) gziT xorcieldeba. Zalze iSviaTad mas morfo-fiziologiuri gamartiveba 
katagenezi (zogadi degeneracia) iwvevs. amrigad, biologiuri progresi miiRweva rogorc organiza-
ciis donis garTulebiT, ise gamartivebiT. 

biologiuri regresi aris daRmavali ganviTareba (ukuganviTareba), romlis damaxasiaTebeli 
niSnebi biologiuri progresis sapirispiroa da vlindeba: 1. evoluciis procesSi ama Tu im jgufis 
(populacia, saxeoba, gvari da misT.) individebis raodenobis SemcirebiT; 2. arealis SezRudviT; 3. 
jgufTa danayofebis (populacia, saxeoba, gvari da misT.) mravalgvarobis daqveiTebiT. biologiuri 
regresis saboloo Sedegia jgufis (populacia, saxeoba, gvari da misT.) sruli amowydoma. zogjer 
misi warmomadgenlebi iSviaT formebad _ reliqtebad (mag., latimeria, tuatara anu hateria, gingko, 
biWvinTis fiWvi da sxv.) gvxvdebian. biologiuri regresis ukiduresi gamoxatuleba degeneraciaa. 

11.16. anTropogenezi 

adamianis adgili cxovelTa samefoSi. dedamiwaze arsebul cocxal organizmTa Soris adami
ani erTaderTi qvesaxea, romelmac sakuTari gonebis zemoqmedebiT Seqmna kultura da civilizacia. 
cxovelisagan gansxvavebiT igi aRar aris biosferos pasiuri binadari. adamiani samecniero-teqniku-
ri progresis meSveobiT biosferoze aqtiur zemoqmedebas axdens.

adamiani bunebiT biosocialuri arsebaa. igi TviTon ayalibebs sakuTari arsebobis Teoriul 
da praqtikul principebs, gonebis karnaxiT Rebulobs gadawyvetilebebs ama Tu im qmedebis Sesaxeb. 
igi valdebulia Seqmnas rogorc individualuri, aseve sazogadoebrivi adamianuri samyaro. adamia-
ni awesebs socialur da ekonomikur kanonebs, romlebSic gaTvaliswinebulia adamianisa da sazoga
doebis urTierTobebi.

adamiani Tavis moRvaweobaSi Tavisufalia. Tavisufleba yalibdeba evoluciurad. samyaros 
kanonebis Semecnebis gareSe da zneobriv-moralur principTa gauTvaliswineblad ar arsebobs Ta-
visufleba. amitom Cven valdebuli varT gavacnobieroT, Tu ra ar viciT da ra unda vicodeT, raTa 
sworad vimoqmedoT, Tu gvinda, viyoT Tavisufalni. Tavisufleba ki adamianis Semoqmedebis yvelaze 
didi monapovaria. amaSi xels isev sakuTari buneba gviwyobs. yvela adamiani iswrafvis codnisaken. 
codna ayalibebs cnobierebas. cnobiereba ki moqmedebis ganmsazRvrelia. cnobiereba ganicdis evo-
lucias, rasac individi da sazogadoeba moraluri wesrigisken mihyavs.

gavixsenoT indoeli moazrovnis, poetisa da eseistis jidu kriSnamurtis naTqvami. WeSmariti 
adamianuri Rirseba Tavisuflebis gareSe ar arsebobs, xolo Tavisuflebis miRweva Zalian Znelia. 
Tavisufali rom iyoT – sakuTari Tavisa unda gesmodeT, unda SeicnoT sakuTari azrebisa da grZno-
bebis moZraoba – da am gziT sakuTari gonebis moZraoba. monobaSi myofma rac unda iRonos, veraso
des ipovis WeSmaritebas, verasodes SeigrZnobs cxovrebis silamazes srulad.

codnis wyurvilma adamians didi problema dausaxa — gaerkves, Tu sad, rodis da rogor Ca-
moyalibda igi biosferoSi gabatonebul arsebad. am problemis Semecnebis gareSe SeuZlebelia Sei-
qmnas iseTi sazogadoebrivi sivrce, romelSic SesaZlebeli gaxdeba Tavisufali individualobis 
ganviTareba. individualobis ganviTareba ki ganpirobebulia Tavis tvinSi mimdinare kognituri 
procesebiT. amitomac davisaxeT miznad adamianis evoluciis neirobiologiuri TvalTaxedviT gan
xilva.

marad maZiebelma da cnobismoyvare adamianis gonma daadgina misi moqmedebis gansacvifrebeli 
faqtebi, Tumca codnis dRevandel doneze mainc auxsneli rCeba tvinis funqcionirebis mravali sa-
kiTxi. gardauvali xdeba kvlevis axali meTodebis danergva da, albaT, arsebul cnebaTa sistemis ga-
daxedva. am mxriv aRsaniSnavia nobelis premiis laureatis, dezoqsiribonukleinis mJavas struqtu-
ris erT-erTi damdgenis, cnobili bioqimikosis f. krikis azri tvinis moqmedebis Sesaxeb. ai ras wers 
igi: `Cven vgrZnobT, rom arsebobs raRac rTuli asaxsneli, magram ver vaxerxebT naTlad da zustad 
CamovayaliboT am arsis sirTule. es ki gvibiZgebs iqiTken, rom mTeli Cveni azrovnebis wesi amgvari 
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problemis irgvliv SesaZlebelia mcdari iyos~. 
miuxedavad arsebiTi siZneleebisa, kacobriobam erTxel da samudamod gadaabija zRvars, ro-

melic mas cxovelTa samyarosagan yofs. sxeulis agebulebis ZiriTadi niSnebi, romlebic adamians 
memkvidrulad miRebuli aqvs sxva cxovelebisgan, naCvenebia cxrilSi 11.3.

adamianis problemas ikvlevs sxvadasxva mecnieruli mimarTuleba. adamiani cocxali organiz-
mebidan erTaderTia, romelic cdilobs Seicnos sakuTari Tavi da gaarkvios sakiTxi — ra adgili 
uWiravs mas samyaroSi. TviTSecnobis procesSi marto is ki araa dasadgeni, ras warmoadgens adamia-
nis buneba, aramed isic, Tu ras niSnavs, iyo adamiani. humboldtis azriT `adamianisaTvis adamianze 
saintereso qveynad araferia~. 

cxrili 11.3.
adamianis sxeulis agebulebis ZiriTadi niSnebi, romlebic 

memkvidrulad miRebuli aqvs sxva cxovelebisagan. 

ZiriTadi niSnebi cxovelebi, romelTaganac gadmocemulia niSnebi

genetikuri kodi pirveli erTujredianebi

grZeli ormxriv simetriuli sxeuli, sxvadasxva 
nawilebiT TevzTa winaprebi

Zvlovani ConCxi Tevzebi

xuTTiTa kidurebi Tevzebi da amfibiebi

filtvebiT sunTqva amfibiebi da reptiliebi

smenis aparati Tevzebi

amnioni garsi reptiliebi

wagrZelebuli kidurebi, diferencirebuli kbi-
lebi, sarZeve jirkvlebi, Tvalis mdebareoba da 
Tbilsisxlianoba

umartivesi ZuZumwovrebi

placenta, cocxlad mSobiaroba sxvadasxva placentiani ZuZumwovrebi

k. linem cxovelTa samefos klasifikaciaSi adamiani moaTavsa primatTa rigSi. amave rigSia ga-
erTianebuli adamianismagvari maimunebi, umdablesi maimunebi da naxevrad maimunebi. hominoidTa 
klasifikacia naCvenebia cxrilSi 11.4. miuxedavad mravalwliani intensiuri Sromisa, hominoidTa 
taqsonomia ar SeiZleba CaiTvalos srulyofilad. igi ganicdis daxvewas, gansakuTrebiT axali bioqi-
miuri saklasifikacio meTodebis gamoyenebiT. amitom saWiro gaxda dazustdes ori terminis, ho

minoidisa da adamianis cneba. Zvelad 
orive termini sinonimad ixmareboda. 
dRes ki SeiZleba Secdomis wyarod 
iqces da mkvlevarTa Soris gaugeb
roba gamoiwvios. 

Cven ar viciT, ra gansxvavebaa 
amomwydar da SemorCenil hominoidTa 
Soris. amitom hominoidi unda vixma-
roT yvela im populaciaTa da saxeo-
baTa mimarT, romlebSic Cven gvaerTi
anebs zogadad evoluciuri istoria. 
`Zvel hominoidad@ iTvlebian is homi-
noidebi, romlebmac moaRwies Homo sa-
piens-is gaCenamde (termini `adamiani~ 
unda vixmaroT mxolod dRes arsebul 
hominoidTa erTi qvesaxeoba Homo sa-
piens sapiens-is mimarT (sur. 11.36). 

dadgenilia, rom hominoidTa 
biologiuri evolucia 14 milioni 
weli grZeldeba, ris Sedegadac ada-
mianma miiRo daaxloebiT imdagvari 
anatomiuri agebuleba, rogoric dRes 
aqvs. biologiuri evoluciis Semdeg 
iwyeba kulturuli evolucia, rome-

sur.11.36. SimpanzeTa da hominidTa ganviTarebis gzebi gaiyo 
daaxloebiT eqvsi milioni wlis win. savaraudod, maT Soris iyo 
ramdenime Cixi.
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lic 2 milion wels moicavs. es 
procesi ar unda iyos gagebuli 
ise, TiTqos kulturuli evo
luciis dawyebiT wydeba biolo-
giuri evolucia. es ukanaskne
li mimdinareobs kulturuli 
evoluciis paralelurad da igi 
dResac grZeldeba. e. i. mimdi
nareobs biokulturuli evo-
lucia, ris Sedegadac adamiani 
biosocialur individad Camoya-
libda. 

p. fouli savsebiT samarT-
lianad aRniSnavs, rom gaada
mianebis procesis mimarT kul-
turuli evoluciis nacvlad 
unda vixmaroT adekvaturi ter-
mini — qcevis evolucia, vinaidan 
kultura qcevis evoluciis Se
degia da ara faqtori. evoluciis 
Sedegad Tavis tvinis moculobis 
gazrdam da neironTa diferen
cirebam adamianis winaprebs gau-
farTova qceviTi repertuari, 
ramac gadamwyveti roli iTamaSa 

gaadamianebis procesSi. cnobismoyvareobis safuZvelze adamians gauCnda Sromis moTxovnileba. 
Sromas ar Seuqmnia adamiani, Sroma iyo Tavis tvinis moTxovnilebis Sesabamisi procesi. 

mosazreba, rom adamiani Camoyalibda evoluciur da ekologiur principTa safuZvelze, emya-
reba erT ZiriTad Tvalsazriss. adamianis qvesaxeoba ganixileba, rogorc biologiuri organizmi, 
xolo Cven, cal-calke aRebuli, varT sxvadasxva ekologiur pirobebSi Camoyalibebuli evoluciis 
Sedegi. piTagoram aRniSna, rom `adamiani cxovelis naTesavia~. adamianis cxovelur warmoSobaze 
saintereso Sexedulebebi aqvs gamoTqmuli lamarks `zoologiis filosofiaSi~ 1809 w. lamarkze 
adre 1760 wels linem gamoaqveyna naSromi `adamianTa naTesavebi~, romelSic ganixilavs Sinagan da 
garegan niSanTa msgavsebas adamiansa da maimunebs Soris.

am mosazrebaTa sarwmunooba mtkicdeba SemTxveviT mopovebuli 50 adamianis biografiiT. sau-
bari exeba Cvil bavSvebs, romlebic ubeduri SemTxvevis gamo CamoSordnen adamianTa garemos da izr-
debodnen cxovelebSi, ZiriTadad mglebs Soris. ramdenime wlis Semdeg am bavSvTa qcevebi Seiswavles 
fsiqologebma. aRmoCnda, rom bavSvebi ver laparakobdnen, moZraobis dros iyenebdnen xelebs da ga
uWirdaT laparakis swavla. damtkicda, rom sazogadoebisagan izolirebuli adamiani pirvelsave 
TaobaSi kargavs adamianisaTvis damaxasiaTebel Tvisebebs. maTi qcevebi maimunebis qcevebs uaxlo-
vdeba. 

Cvens planetaze sicocxles 3,5 miliard welze meti xnis istoria aqvs. Homo sapiens sapiens-i aris 
ZuZumwovarTa Soris yvelaze gvian warmoSobili qvesaxeoba. igi warmoiSva daaxloebiT 60.000-100.000 
wlebs Soris, xolo misi gadaSenebuli Soreuli winaprebi 5-6 milioni wlis winaT cxovrobdnen. 

anTropogenezis etapebi. anTropologTa umravlesobis azriT „klasikuri@ xazobrivi modeli 
adamianismagvari maimunidan dRevandel adamianamde Semdegnairia:

1. Ramapithecus (Rama-indurad RmerTia, Pitecus-berZnulad maimunia) arsebobda 8-14 milioni 
wlis winaT. mopovebulia misi qveda ybis nawilebi. varaudoben, rom mas saxis Zvlebi brtyeli, xolo 
qveda yba odnav gamoweuli hqonda. 

2. Australopitecus (Austral-laTinuria, niSnavs samxreTels) arsebobda 1,5-5 milioni wlis winaT. 
misi saxe brtyeli iyo, sxeulis poza - vertikaluri. pirveli primatebia, romlebmac daiwyes gamar-
Tuli siaruli. hqondaT masiuri Tavis qala didi kbilebiT, rac miuTiTebs imaze, rom ikvebebodnen 
mcenareebiT. maTSi gamoyofilia sami jgufi A. afarensis, A. afriecanus da A. Gachrelghazaci.

3. Homo Habilis (adamiani xelmarjve) arsebobda 1,5-2 milioni wlis winaT. iyo vertikaluri po-
ziT mosiarule da hqonda avstralopiTekebze didi tvini. iyenebda sxvadasxva iaraRs. gavrcelebu-
li iyo aRmosavleT da samxreT afrikaSi.

4. Homo erectus (amarTulad mosiarule adamiani) arsebobda erTi milioni wlis winaT. iyenebda 
cecxls, umTavresad qvis iaraRebs. aSkarad SeimCneva nadirobis kvali. mravalferovani gaxda sakvebi.

5. Homo neanderthalensis (neandertali im velis saxelwodebaa, sadac pirvelad ipoves) arsebob

cxrili 11.4.
hominoidTa taqsonomia

taqsoni dasaxeleba taqsonSi gaerTianebuli cxovelebi

klasi Mammalia yvela Tbilsisxliani, sxeuli dafa
ruli aqvT balniT

rigi Primates naxevrad maimunebi, adamianismagva-
ri maimunebi da adamiani

qverigi Haplorbini grZelterfiani maimunebi, 
adamianismagvari maimunebi da ada-
miani

infrarigi Catarrhini `Zveli samyaros~ maimunebi, 
adamianismagvari maimunebi da ada-
miani

zeojaxi Hominoidea adamianismagvari maimunebi da ada-
miani

ojaxi Hominidae adamiani da misi winapari adamiani

gvari Homo adamiani

saxe Homo sapiens neoanTropi

qvesaxe Homo sapiens 
sapiens

anatomiurad Tanamedrove adamiani
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da 0,5 milioni wlis winaT. morfologiuri da kulturuli CvevebiT Zalian hgavs adamians. amitom 
Homo sapiens-is qvesaxed Tvlian. 

6. Homo sapiens sapiens_Tanamedrove adamiani.
molekuluri biologiis kvlevis meTodebis gamoyenebam paleoanTropologiaSi moaxdina Cveni 

warmodgenebis transformacia adamianis evoluciis adreul periodze. adamianis savaraudo winap
rebis ConCxis naSTebis SeswavliT, aseve SedarebiTi anatomiisa da SedarebiTi genetikis meSveobiT, 
mxolod primatTa filogenezuri xis ageba xerxdeba. am gziT adamianis evoluciis meqanizmebis ana-
lizi SeuZlebelia. 

molekulurma qronometrma cvlilebebi Seitana anTropogenezis etapebis daTariRebaSi, rac 
efuZneboda anTropologTa klasikur monacemebs. pirveli hominoidi gamoeyo umaRles primatebs 
ara 15 milioni (rogorc adre iTvleboda), aramed 5 milioni wlis winaT. 

lukotma adamianisa da Simpanzes qromosomebis erTmaneTTan Sedarebisas maT Soris didi 
msgavseba aRmoaCina: maTi genebis 99% identuri aRmoCnda. gudmenis gamokvlevebiT ki dadginda, 
rom Simpanzesa da adamianis antigenebic praqtikulad erTgvarovania. isini warmoSobilia erTi wi
napridan 5 milioni wlis winaT. sakiTxavia, romelTan ufro axlos idga es saerTo winapari: adami
anTan Tu SimpanzesTan? gaurkvevelma viTarebam zogierT anTropologs misca sababi wamoeyenebina 
Sexeduleba, rom Simpanze adamianisagan warmoiSva. 

aRiarebuli faqtia, rom afrikuli Simpanze da gorila iTvleba adamia-
nis axlo naTesavad, xolo aziuri giboni da orangutangi ki ara, rac Semdegi 
mosazrebiT aixsneba: afrikuli da aziuri maimunebi daSordnen erTmaneTs 
gacilebiT adre, vidre moxdeboda Simpanzes, gorilasa da adamianis saer-
To winapridan erTdrouli divergencia. am Sexedulebis sailustraciod 
moviyvanoT zemoT aRniSnul saxeobebs Soris birTvuli dnm-is procentuli 
gansxvaveba: 

adamiani — gorila 1,4%
adamiani — Simpanze 1,2%
gorila — Simpanze 1,2%

adamiani — orangutangi 2,4%
gorila —orangutangi 2,4%
Simpanze — orangutangi 1,8%

saintereso cnoba gamoaqveynes prinstonis universitetis TanamSrom-
lebma imis Sesaxeb, rom neandertaleli adamiani ar SeiZleba CaiTvalos 
Tanamedrove adamianis winaprad, vinaidan misi dnm ar Seesabameba adamianis 
dnm-s. neandertalels da adamians hyavda saerTo winapari. neandertalelis 
evolucia mimdinareobda evropaSi da saxeoba amowyda. adamianis evolucia 
ki mimdinareobda afrikaSi da mis STamomavlebad iTvlebian Tanamedrove 
adamianebi. adamiani da neandertaleli erTdroulad cxovrobdnen. 

anTropologiuri kvlevebis molekulur doneze gafarToebis mizniT 
mravali laboratoriisagan Seiqmna saerTaSoriso konsorciumi. daiwyo in-
tensiuri kvleva „primitiul@ xalxTa dnm-is gansxvaveba-msgavsebis dasad
genad. Catarebuli samuSaoebidan gamosayofia erTi faqti, romelic jer ki-
dev ar SeiZleba CaiTvalos dadasturebulad. es faqti vrceldeba pigmeebis 
erT tomze — akaze, romelic dnm-is molekulis struqturis doneze iTvle-
ba adamianis savaraudo winaprad. 

1987 wels molekuluri anTropologiis warmomadgenlebma dRes mcxo-
vreb sxvadasxva rasis adamianTa dnm-is molekulaSi momxdari genTa muta-
ciebis interpolaciis meTodis gamoyenebiT gamoaqveynes sensaciuri cno
ba. dadgenilia im hipoTeturi pirveli qalis arsebobis TariRi, romelic 
iTvleba yvela adamianis dedad. mas unda ecxovra 200-300 aTasi wlis winaT. 
mogvianebiT TariRi Secvales axali versiiT. igi moicavs 140-290 aTas wels. 

am TariRis dadgeniT mecnierebs Soris isev ganaxlda kamaTi imis Ta-
obaze, Tu rodis da rogor gaCnda adamiani. amave dros, TiTqos dadastur-
da adamisa da evas gaCenis legenda, romelic arsebobda msoflios xalxTa 
kulturebSi sxvadasxva variaciiT jer kidev bibliis Seqmnamde. es cnobebi 
Semogvinaxa xmelTaSua zRvis, afrikis, amerikisa da samxreT naxevarsferos 
kunZulebze mcxovreb aborigenTa miTologiam. 

dedamiwaze arsebuli pirveli mdedris arsebobis TariRis dadgena ar 
unda iyos gagebuli ise, TiTqos anTropologebi amtkiceben, rom aRmoCenilia konkretulad is pir-
veli qali, romelmac dasabami misca Semdgom Taobebs. daTariReba moxda mitoqondriuli dnm-is mu
taciebis meSveobiT. cnobilia, rom qalisa da mamakacis mitoqondriebSi dnm yovelTvis qalis mxri-
dan memkvidreobs. amitom am qals pirobiTad eva daarqves. eva aris Teoriuli eqsperimentis Sedegad 

sur.11.37. ingliseli 
anTropologis riCard 
nivis mier rekonstru-
irebuli `afrikeli 
evas~ skulptura. 
skulptura Seqmnilia 
londonis sabunebisme-
tyvelo istoriis muze-
umSi arsebuli 100 aTasi 
wlis win afrikaSi mcx-
ovrebi qalebis Tavis 
qalaTa analizis safuZ-
velze. `afrikeli evas~ 
Semdeg savaraudod 7-10 
aTas Taobas unda ecx-
ovra. dRes Cvens plan-
etaze mcxovrebi yvela 
adamianis genomi Sei-
cavs im mcire genetikur 
informacias, romelic 
mas saerTo winapari de-
disagan aqvs miRebuli 
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daTariRebuli qali, romlis genebic arsebobs dRevandeli sxvadasxva rasis warmomadgenel yvela 
adamianSi. klasikuri anTropologiisagan gansxvavebiT, molekulur-biologiurma saaTma gviCvena 
SedarebiT zusti dro, Tu saidan iRebs saTaves dRevandel adamianTa uSualo winapari. amasTanave, 
am meTodma ufro dagvaaxlova Cvens winaprebTan, gansxvavebiT klasikuri anTropologiisagan, ro
melic aCvenebda gacilebiT Soreul dros. 

gamoTqmulia varaudi, rom eva kargad ganviTarebuli kunTebis wyalobiT moZraobda swrafad, 
xmarobda qvis iaraRebs da cxovrobda afrikaSi (sur.11.37). klasikuri anTropologiis mimdevarTa 
miaxloebiTi gamoTvlebiT dadgenilia, rom evadan dRemde unda ecxovra 7-10 aTas Taobas. moleku
luri anTropologiis warmomadgenlebi am ricxvs ar eTanxmebian.

sainteresoa, Tu rogor xdeboda evas Zebna. berklis universitetSi rebeka kanma, elan uilsonma 
da mark stounkingma Seiswavles Statebis 147 fexmZime qalis placenta. qalebi daajgufes garkveu-
li principiT. placenta gamoiyenes imitom, rom igi organizmis didi warmonaqmnia da misi miReba Se
darebiT advilia. mecnierebma cal-calke Seiswavles agreTve afrikis, evropisa da aziis qveynebSi 
mcxovrebi qalebis placenta. placentas iRebdnen avstraliisa da axali gvineis aborigenebisaganac, 
yinavdnen adgilze da CamohqondaT berklis universitetSi gamosakvlevad. specialuri meTodiT pla
centidan miiReboda mitoqondriuli dnm da tardeboda genetikuri analizi molekulur doneze. Ti
Toeuli placentidan miRebuli dnm daSlili iyo fragmentebad da xdeboda mutaciebis ganawilebis 
statistikuri analizi. dadginda saintereso faqti. miuxedavad kargad gamoxatuli rasuli morfo-
logiuri niSnebisa, gansxvaveba mitoqondriuli dnm-is doneze ar aRmoCnda, an Tu aRmoCnda, umniSvne
lo iyo. es ki imas migvaniSnebs, rom sxvadasxva rasa saerTo winapridan yofila warmoSobili. 

bunebrivad ismis kiTxva, sad unda gaCeniliyo eva? berklis universitetis mkvlevrebma dnm 
gayves or jgufad: pirveli warmoadgens afrikul xazs, e. i. im dnm-s, romelSic aRmoCnda meti muta-
cia. am dnm-is matarebel individebs ufro didi xnis ganmavlobaSi unda ecxovraT afrikaSi. romeli-
Rac periodSi afrikidan iwyeba migracia da adamianebis gansaxleba sxva kontinentebze. amas adastu
rebs dnm-is molekula, romelSic mutaciebi naklebi raodenobiTaa napovni. 

emoris universitetis molekuluri genetikis warmomadgenlebma, romelTac xelmZRvanelobda 
duglas uilsoni, Caatares gamokvleva oTx kontinentze mcxovreb adamianTa mitoqondriul dnm-ze. 
maT Seiswavles 700 adamianis sisxlis ujredebis mitoqondriuli dnm. am jgufma daadastura, rom 
Tanamedrove adamiani saTaves iRebs qalidan, romelsac unda ecxovra 150-200 aTasi wlis winaT. ber
klis universitetis mkvlevarebisagan gansxvavebiT, emoris universitetis warmomadgenlebma naxes 
gansxvaveba sxvadasxva rasis dnm-ebs Soris. maTve aCvenes, rom adamianismagvar maimunebTan dnm-is 
msgavseba ufro xSirad gvxvdeba aziaSi. amitom dauSves, rom adamianis saerTo Ziris povna SeiZle-
ba aziaSic. SesaZloa, evas ecxovra CineTSi da miuTiTeben mis savaraudo arealsac, samxreT-aRmo
savleT CineTs. d. uilsoni gvafrTxilebs, rom es aris maT mier miRebuli eqsperimentuli Sedegebis 
erT-erTi savaraudo interpretacia. 

dRes mitoqondriuli dnm-is analizs daemata birTvuli dnm-is analizis Sedegebic da mkv-
levarTa umravlesoba upiratesobas aniWebs evas afrikul warmoSobas. am mosazrebas aZlierebs is 
faqtic, rom Tanamedrove adamianis winaparTa formebi napovnia afrikaSi. molekuluri biologi
is monacemebis safuZvelze, anTropologTa klasikuri monacemebis gaTvaliswinebiT, Seiqmna iseTi 
warmodgena, rom pirvel adamians unda ecxovra 200 aTasi wlis winaT dRevandeli centraluri af
rikis respublikis teritoriaze. 

1999 w. 24 ivliss qarTvelma da germanelma arqeologebma dmanisis naqalaqarSi adamianis wina-
pris Tavis qala aRmoaCines. eqspert-mecnierTa mier Catarebuli gamokvlevebiT qalas asaki daaxlo-
ebiT 1,8 milioni wliT TariRdeba. dmanisSi aRmoCenili masaliT mtkicdeba, rom adamianis winapari 
warmoSobis keridan — afrikidan gansaxlda da axali sacxovrebeli teritoria — kavkasia daikava. 
am aRmoCeniT orjer gaizarda evropaSi adamianis arsebobis istoriis xangrZlivoba. 

adamianis Tavis tvinis evolucia. bunebrivad ibadeba kiTxva, ratom moxda, rom evoluciuri 
procesis Sedegad marto primatTa erTma jgufma SeZlo Camoyalibebuliyo maRalorganizebul go
nier adamianad, romelsac gaaCnia misTvis saWiro pirobebis koleqtiuri SromiT Seqmnis unari. am 
movlenas yuradReba jer kidev aristotelem miaqcia; misi azriT, `adamiani Tavisi bunebiT sazoga
doebrivi cxovelia~. 

paleontologebma daamtkices, rom adamianebamde arsebobdnen stenonixozavrebi da delfinebi, 
romlebsac ganviTarebuli tvini hqondaT. 100 milioni wlis winaT dedamiwaze cxovrobda xvliki, Tbil-
sisxliani, 1,5 m, romelic ukana ori fexiT moZraobda, wina sam TiTian kidurebs xelebad iyenebda. gaaCnda 
sami TiTi gamoxatulad ganviTarebuli didi TiTiT. kanadeli deil raselis informaciiT, napovnia am 
cxovelis gadamarxebuli guli, romelic adamianis msgavsad oTxsakniani iyo. mis Tavis qalaSi Tavisu-
flad Tavsdeba Simpanzes tvini. cxovelebi cxovrobdnen jgufurad, mowesrigebuli yofiT. rodesac 
jgufurad sanadirod midiodnen, nawili rCeboda da uvlida bavSvebs. sakvebad saerTo monapovridan 
xorcs iyenebdnen. es patara xvlikebi amowydnen did dabalganviTarebul xvlikebTan erTad.
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meore cxoveli, romelsac hqonda Teoriuli saSualeba momavali adamianis konkurenti gamxda-
riyo, iyo delfini, delfinebSi 47 milioni wlis win moxda gaurkveveli warmoSobis mutacia, romlis 
Sedegad is Cvens planetaze yvelaze Wkviani cxoveli gaxda. Zveli delfinebis qalis analiziT dad-
ginda, rom am jgufSi 20 000 000 wlis Semdeg didi mutacia momxdara, romlis Semdeg Zveli delfinebi 
gamxdaran iseTebi, rogorebsac dRes vuyurebT. 

sruliad logikuria, rom molekuluri biologiis monacemebi gavavrceloT Cveni Soreuli wi-
naprebis Tavis tvinis evoluciaze. sakvebTan erTad organizmSi moxvedrilma sxvadasxva qimiurma 
nivTierebam gamoiwvia mutaciebi, ris gamoc Tavis tvinis moculoba gaizarda. savaraudoa, rom mu-
taciebis warmoqmnis Sedegad Cvenma Soreulma winaprebma sxeulis vertikaluri mdgomareoba miiRes. 
warmoiSva fiqsirebuli qcevebis axali kompleqsebi. vertikalurma pozam ufro gaaadvila zrunva 
STamomavlobaze. Cvilis xelSi ayvana da gadaadgileba, rac damaxasiaTebelia bevri ZuZumwovara 
cxovelisaTvis, ioli gaxda sakvebis mopoveba. zeda kidurebis gamoTavisuflebam Secvala qceve-
bis Tandayolili saxeebi. gaizarda qceviTi repertuari, ramac gadamwyveti roli iTamaSa momdevno 
evoluciur procesSi. am faqtis sailustraciod cxrilSi (cxrili 11.5) Sedarebulia Cveni Soreuli 
winaprebis zogierTi qceva adamianismagvari maimunebis qcevebTan. 

cxrili 11.5. 
adamianismagvar maimunTa da hominoidTa qcevis  zogierT faqtorTa Sedareba

hominoidebi adamianismagvari  maimunebi

Tavis tvinis moculoba izrdeba. axasiaTebs 
mudmivi seqsualuri qcevebi.

Tavis tvinis moculoba ar izrdeba. axasiaTebs seqsua-
luri qcevebi menstrualuri ciklisas.

tipuri miwis binadaria. cxovrobs xeze, zogierTebi _ xeze da miwaze.

moZraobs ori fexiT.
ar moZraobs ori fexiT (patara manZilze SeuZlia ori 
fexiT gadaadgileba).

wyvildebian da qmnian `nuklealur~ ojaxs.
ar wyvildebian. gamonaklisia giboni. ar qmnian `nuklea-
lur~ ojaxs.

mdedrebis moZraoba naSierebTan erTad SezRu-
dulia, qmnian mudmiv saarsebo garemos.

mdedrebi mudmivad moZraoben naSierebTan erTad, mud-
mivi saarsebo garemo ar gaaCniaT.

sakvebs iyofen. sakvebs ar iyofen.

zrunaven ramdenime Svilze. zrunaven mxolod erT Svilze.

amzadeben da iyeneben iaraRs.
ar amzadeben iaraRs. arasistematurad iyeneben garemo-
Si arsebul sagnebs.

ismis kiTxva: aqvs Tu ara mniSvneloba Tavis tvinis absolutur wonas cxovelTa da adamianTa 
qceviTi procesebis regulirebaSi? irkveva, rom ara. adamianebSi didi Tavis tvini hqonda erT idi
ots (2 kg-ze meti). saqveynod aRiarebuli geniosis, leibnicis tvini 1257 gramze naklebs iwonida, 
bismarkisa — 1867 grams. iyo ki bismarki leibnicze Wkviani? sainteresoa gadavxedoT gamoCenil ada-
mianTa Tavis tvinis wonas, gamoxatuls gramebSi: 

maTematikosi hausi
ingliseli kromveli

2400
2300

kompozotori 
beThoveni

1750

poeti baironi 
mwerali turgenevi

2338
2012

filosofosi kanti
mwerali Sileri

1600
1580

poeti esenini 1920 fizikosi saxarovi 1440

zoologi kiuvie 1872 politikosi lenini 1325

poeti uitmeni 1284 mwerali fransi 1017

cxovelebSi yvelaze didi tvini aqvT veSapebs: 6000-7000 gramamde. spiloebs - 4000 g, delfinebs 
- 3000 g. efeqturi kriteriumi gamodga Tavis tvinis wonis Sefardeba sxeulis wonasTan. aseTi maxa-
siaTebliT adamiani sjobnis yvela did ZuZumwovars. 

zemoT aRiniSna, rom adamianis gonierebisaTvis tvinis wonas ara aqvs mniSvneloba. Tu kargad da-
vakvirdebiT cxrilSi 11.6. moyvanil cifrebs, cxadi gaxdeba, rom gaadamianebis procesSi didi roli 
Seusrulebia tvinis masis matebas. maS raSia saqme? tvinis cefalizacia evoluciurad udavod didi 
movlena iyo. magram ufro didi mniSvneloba hqonda mis struqturul cvlilebas. adamianis tvinma 
cxovelebTan SedarebiT didi cvlileba ganicada, axali qerqi ufro ganviTarda da danaoWebuli 
gaxda, warmoiSva axali, kerZod, varskvlavis tipis neironebi, romlebic yvelaze didi raodenobiT 
arsebobs axali qerqis sensorul centrebSi. varskvlavismagvari neironebi sxva neironebisagan imiT 
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gansxvavdeba, rom maTi aqsonebi bolovdeba sakuTari sxeulebiT. amas didi mniSvneloba eniWeba mex
sierebisaTvis, radganac SesaZlebeli xdeba nervul impulsTa reverberaciis gaxangrZliveba. es ki 
xanmokle mexsierebis safuZvelia. adamianis garda, amgvari neironebi aRmoaCndaT delfinebsa da 
maimunebs. aseT neironTa arseboba sxva cxovelebSi iSviaTobas warmoadgens. 

didi mniSvneloba aqvs agreTve tvinis lateralizacias, rac kargad aris gamoxatuli adamia-
nebSi, gansakuTrebiT qalebSi. lateralizaciam gazarda tvinis moqmedebis saimedooba, didi mocu-
lobis informaciis miReba da gadamuSaveba. 

1871 wels Tavis naSromSi `adamianis warmoSoba~ darvini amtkicebs, rom WkuaSi gansxvaveba ada-
miansa da cxovelebs Soris raodenobrivi xasiaTisaa da ara Tvisobrivi. bunebrivia, darvinisaTvis 
ucnobi iyo is kognituri procesebi, romlebic mimdinareobs Tavis tvinSi. amitom aucilebelia ga-
vaanalizoT erTi eqsperimenti, romelsac bolo aTi wlis ganmavlobaSi neirobiologiis yvelaze 
did miRwevad Tvlian. 1990 wels parmis universitetis TanamSromelTa jgufma jakomo rizoletim, 
vitorio galezem da leonardo fogasim makakas Tavis tvinSi aRmoaCines mimezisis unaris mqone nei-
ronebi. mimezisi niSnavs kopirebas, mibaZvas, imitacias. aseTi neironebis arseboba moulodneli da 
daujerebeli iyo. amitom jgufma Sedegebi ar gamoaqveyna didi xnis ganmavlobaSi. isini atarebdnen 
eqsperimentebs darwmunebis mizniT.

cxrili 11.6 
adamianis uSualo winaparTa savaraudo filogenezi

adamianis sava-
raudo winaprebi

arseboba 
milioni 
wlis win

Tavis tvi-
nis mocu-
loba sm3

aRmoCenis 
TariRi da ad-

gili
daxasiaTeba

Australopithecus 
afarensis 6 400-500

1974, hadari, 
eTiopia

vertikalurad mosiarule, cxovrobda 
aRm. afrikis mTel teritoriaze. lusi.

Australopithecus 
africanus 5 400-500

1924, kongo, af
rika

grZeli xelebi, moqnili sxeuli, lusis 
STamomavali. cxovrobda jgufebad.

Australopithecus 
robustus 4 530 1938, afrika

iTvleba afrikanusis naTesavad, memkvid
reoba ar dautovebia.

Homo habilis 3 600-800
1960, olduvai, 

tanzania

pirveli saxeoba, romelic miekuTvneba 
Homo -s ojaxs. pirvelad iyenebs Sromis 
iaraRs.

Homo erectus 2 750-1250 1891, iava
pirveli saxeoba, romelic gamodis 
afrikidan, vrceldeba wina da Sua aziaSi 
CineTamde.

Homo sapiens 
sapiens 1 1200-1700

1868, kromanio
ni, safrangeTi

fiqrobs adamianis warmoSobaze da mis 
evoluciaze.

makakas mikroeleqtrodi Canergili hqonda marcxena hemisferos Ф5 zonaSi. es zona Seesabameba 
adamianebis brokas centrs, romelic metyvelebis motoruli centria. am zonis neironebi aqtivde-
boda maSin, rodesac makaka mizanmimarTul motorul aqtivobas iwyebda. rodesac eqsperimentato-
ri makakas aCvenebda, ra unda gaekeTebina, Ф5 zonis neironi ise iyo gaaqtiurebuli, TiTqos TviTon 
asrulebda im moZraobas, romelsac aCvenebdnen. Tu is sagnebi, romlebic unda gamoeyenebina elaga 
iatakze _ neironi ar pasuxobda. cnobilia, rom am zonaSi miiReba gadawyvetileba, Tu rogori qceva 
unda ganxorcieldes. aRweril eqsperimentSi makaka reagirebda ise, rogorc sarkeSi. aseT neirons 
sarkisebri ewoda.

amave jgufma amave xasiaTis cdebi gaimeora or Simpanzeze. imave zonaSi Canergil eleqtrodebia-
ni Simpanze zis da Wams araqiss _ neironi gaaqtiurebulia. cota xnis Semdeg, rodesac cxoveli imave 
pozaSia, magram ar Wams, Semodis eqsperimentatori, akeTebs imitacias, TiTqos araqisis SeWmas apireb-
des. Simpanze ar moZraobs, miSterebulia Semosulze. am pirobebSi neironi kvlav gaaqtiurebulia.

mkvlevarTa Sedegebi gamoqveynda 1996 wels. popularuli gaxda da Zalian swrafad daiwyo 
eqsperimentebi adamianze. sarkisebri neironebi aRmoaCines zogierT mgalobel frinvelSic. Ta-
vis tvinSi mecnierebma daadgines sarkisebri sistemis arseboba. sistemisa, romelic monawileobs 
kognituri procesebis ganxorcielebaSi. eqsperimentalurad dadginda, rom sarkisebri neironebi 
Zalian swrafad afiqsireben dakvirvebul situaciebs, erkvevian adamianTa imitaciebsa da maT emo-
ciur mdgomareobaSi. rodesac adamiani Sewuxebuli, daZabul, mtiral pirovnebas uyurebs TviTonac 
wuxdeba. aseTi gancdis Seqmna iwyeba sarkisebri neironebis gaaqtiurebiT. aseTive suraTis dadebi-
Ti emociebis gamoxatulebaSic, rodesac adamiani sasiamovno garemoSi xvdeba. sarkisebri neironebi 
aqtiur monawileobas iReben swavlaSi da metyvelebis CamoyalibebaSi. sarkisebri nironebis meSveo-
biT adamianma Seqmna da daxvewa kultura, Seqmna socialur urTierTobaTa kanonebi.
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Tavi 12. biometriis elementebi*  
 
biologiuri, an sxvanairad variaciuli statistika maTematikuri statistikis nawils 

warmoadgens, romlis mizania biologiuri obieqtebis raodenobrivi monacemebis damuSaveba da 
Sefaseba. xSirad am Teorias biometrias uwodeben (berZnulidan bios-sicocxle da metrei-gazomva). 
ganvixiloT am Teoriis elementebi: 
 

12.1. ricxvTa saSualo ariTmetikuli, dispersia, standartuli 
gadaxra, normirebuli gadaxra, variaciis koeficienti. 

  
mocemuli N  ricxvis : x1,  x2, x3, ...... xN   saSualo ariTmetikuli ewodeba  

ricxvs    

x� �
x� � x� � x� � � � xN

N � �1 N� � � x�

N

���

 

aq  Σ jamis niSania, k ki iRebs mniSvnelobebs:  1, 2, 3, .... , N. 
imis Sesafaseblad, Tu ramdenad Sors arian xk  ricxvebi gabneuli maTi x� saSualo 

mniSvnelobidan, gadaxrebis saSualo ar gamodgeba. marTlac: 
Tu TiToeuli xk _s gadaxras x�_dan aRvniSnavT  ∆k _ Ti,   Δ� � x� � x�, advili saCvenebelia, 

rom saSualodan gadaxrebis jami, da Sesabamisad saSualodan gadaxrebis saSualo mniSvnelobac, 
nulis tolia.  

�Δ�

N

���

� ��x� � x�� � � x�

N

���

� � x� � N
N

���

N

���

x� � Nx� � � 

 
amitom   x�_dan gadaxrebis sididis Sesafaseblad gamoiyeneba sidide  _ dispersia  (dispersion 
_gabneva). 

σ� �
1

N � 1 �Δ�
� �

1
N � 1 ��x� � x���

N

���

N

���

 

 
dispersiis gamosaxulebaSi gadaxrebis kvadratebis jami iyofa N_1   _ze da ara N _ze, 

rogorc es saSualo ariTmetikulis  gamosaxulebaSia. saSualo ariTmetikulis  SemTxvevaSi xk  

sidideebi erTmaneTisagan damoukidebeli nebismieri SeiZleba iyos, maSin roca yvela ∆k  
erTmaneTisgan damoukidebeli ar aris, isini SezRuduli arian erTi pirobiT:  Σ∆k = 0. amitom 
damoukidebeli ∆k  cvladebis raodenobaa  N_1 . nebismieri  N_1 wevri calsaxad gansazRvravs 

darCenil 1 wevrs. orive SemTxvevaSi _ rogorc xk  ricxvebis, aseve Δ�
� ricxvebis saSualos 

daTvlisas, wevrTa jami iyofa damoukidebel cvladTa raodenobaze. 
kvadratul fesvs dispersiidan ,,saSualo kvadratuli gadaxra” an standartuli gadaxra 
ewodeba: 

σ � �σ � 
standartuli gadaxra σ  imave erTeulebSi izomeba, raSic sawyisi xk monacemebi. 

 sidides   tk =�x� � x��/σ  normirebuli gadaxra ewodeba, xolo sidides   

V= σ/x�  _ variaciis koeficienti. 
standartuli gadaxra erTi simravlis monacemTa cvalebadobis dasaxasiaTeblad 

gamoiyeneba, variaciis koeficienti ki ori simravlis monacemTa gafantulobis xarisxis 
Sesadareblad. 
 magaliTi: 
garkveuli sididis 5_jer gazomvis Sedegad, N =5, miRebuli ricxviTi sidideebia:     
x1 =4,  x2 =6,  x3 =5,  x4 =2 ,   x5 =8 
saSualo ariTmetikuli:   
x� = (1/5)(4 +  6+ 5 + 2 + 8) = 25/5 =5 

_________________________________________________________________________ 
*  Tavi Sedgenilia gamocdebis erovnuli centris sabunebismetyvelo mecnierebaTa jgufis wevrTa:      

g. CeCelaSvilis, a.baxtaZis, n. CxaiZis da g. gelaSvilis mier.   
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saSualodan gadaxrebia:    
∆1 = 4 _5 = _1,      ∆2= 6 _5= 1,      ∆3 = 5 _5 = 0,       ∆4 = 2 _5 = _3,       ∆5 = 8 _5 = 3 
rogorc vxedavT gadaxrebis jami nulis tolia.  
gamovTvaloT  dispersia: 
 
σ � = (1/4)( (_1)2  +12 + 02 + (_3)2  + 32) = (1/4)( 1 + 1 + 0 + 9+ 9) = 20/4 = 5 
 
standartuli gadaxra σ � √5  ≈ 2,236 
 

normirebuli gadaxrebia:     t1 =  _1/√5 = _ 0,447          t2 =  1/√5= 0,447                                   
 t3 =  0/√5= 0      t4 =  _3/√5= _1,342      t5=  3/√5= 1,342   
 

variaciis koeficienti:     V= σ/x�  =  √5/5 ≈  0,447    an     V= 47,7% 
 
 

12.2. erToblioba,  generaluri erToblioba da SerCeviTi 
erToblioba 

 
 erToblioba ewodeba calkeul elementTa simravles, romelic gaerTianebulia romelime 
niSnis mixedviT.  
 erTobliobis yvelaze zogadi formaa generaluri erToblioba. es aris mocemuli niSnis 
matarebeli uklebliv yvela elementis erToblioba.  

vinaidan generaluri erTobliobis moculoba umetes wilad Zalze didia, misi Tvisebebis 
Seswavlis mizniT, misgan SemTxveviTi SerCevis safuZvelze gamoyofen garkveul nawils, 
romelsac SerCeviTi erToblioba ewodeba. ase magaliTad, zoologi, romelic bunebaSi 
Seiswavlis ama Tu im saxeobas — mag. Cxikvebs, daiWers am saxeobis ramdenime aTeul egzemplars da 
maTze dakvirvebiT cdilobs gaakeTos daskvna am saxeobis yvela warmomadgenlis raime Tvisebis 
Sesaxeb. sakiTxi imis Sesaxeb, Tu ramdenad SeiZleba SerCeviTi erTobliobis safuZvelze miRebuli 
daskvnebis ganzogadeba generalur erTobliobaze, warmoadgens maTematikuri statistikis 
erT_erT umniSvnelovanes amocanas. am sakiTxs Cven SemdgomSi davubrundebiT.   
 erTobliobis calkeul elementebs misi wevrebi ewodeba. erTobliobis wevrTa ricxvs am 
erTobliobis moculoba ewodeba. generaluri erTobliobis moculoba aRvniSnoT N asoTi, xolo 
SerCeviTi erTobliobis moculoba n asoTi.  

erTobliobis kvlevisas, mkvlevars saqme aqvs niSnebTan (ara im niSanTan, romelic saerToa 
erTobliobis yvela elementisaTvis), romelic erTobliobis calkeuli elementisaTvis 
sazogadod sxvadasxvaa. am niSnebs argumentebi ewodeba. argumentis sxvadasxva SesaZlo 
mniSvnelobebs ki variantebi ewodeba. variantebis mixedviT generaluri erToblioba jgufebad 
iyofa. jgufSi gaerTianebul wevrTa ricxvs variantis sixSire ewodeba. 
 argumenti SeiZleba iyos Tvisebrivi da raodenobrivi.  raodenobrivi argumenti Tavis 
mxriv SeiZleba iyos diskretuli da uwyveti.   
 ase magaliTad: Tu generalur erTobliobad ganvixilavT msoflioSi 8 wlis asakis 
bavSvebis erTobliobas, maSin Tvisebriv argumentebad  SeiZleba ganvixiloT: sqesi, erovneba, 
Tvalis feri, sisxlis jgufi.  
wona, simaRle, filtvis tevadoba .... _ raodenobrivi uwyveti argumentebia. 
debisa da Zmebis  ricxvi, mocvlili sarZeve kbilebis raodenoba, bavSvobaSi gadatanil virusul 
daavadebaTa raodenoba ... _ raodenobrivi diskretuli argumentebia. 
 Semdeg magaliTad ganvixiloT daTvebis generaluri erToblioba.  
   argumenti ,,saxeobebis” mixedviT erToblioba SeiZleba daiyos 4 jgufad:  
1. mura,  2. TeTri,  3. grizli,  4. yvela sxva saxeoba.  
   argumenti ,, asakis” mixedviT SeiZleba daiyos  jgufebad:  
1. 0_dan 5 wlamde,   2. 5_dan 10 wlamde,   3. 10_dan 15 wlamde,    4. 15_ze meti. 

ganvixiloT ufro konkretuli magaliTi: jilRao meliis nayofierebis Sesaswavlad aiRes 
80 Zu jilRao meliis SerCeviTi erToblioba da daiTvales  TiToeuli Zus mier erT jerze nayari 
lekvebis raodenoba. am SemTxvevaSi argumenti swored gaCenili lekvebis raodenobaa. vTqvaT, 
SerCeuli niSnis mixedviT argumentebis mniSvnelobebi TiToeuli meliisaTvis  x�, x�, x�, � , x�� 
gamoisaxeba cxrilSi moyvanili ricxvebiT: 
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lekvebis minimaluri raodenobaa 1, xolo maqsimaluri — 9.  
Tu miRebul ricxvebs zrdadobis mixedviT davalagebT, miviRebT: 

 
1, 
2,2,2,2, 
3,3,3,3,3,3,3,3,3,3, 
4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4, 
5,5,5,5,5,5,5,5,5,5,5,5,5, 
6,6,6,6,6,6,6.  
7,7,7, 
8,8 
9. 
 

miRebuli ricxvTa wyoba ufro naTlad asaxavs nayofierebis suraTs meliebis am 
erTobliobaSi. erToblioba daiyo 9 jgufad. TiToeuli jgufi xasiaTdeba variantiT _ gaCenili 
lekvebis raodenobiT:  

TiToeuli variantis sixSire moyvanilia cxrilSi da gamosaxulia grafikze, romelsac 
poligoni ewodeba.     

 
es cxrili variaciul rigs warmoadgens, romelic aCvenebs, Tu rogoraa dakavSirebuli 

niSnis mniSvneloba mis ganmeorebadobasTan erTobliobaSi. 
erTobliobis sixSireTa jami misi moculobis tolia: 
 
1+4+10+39+13+7+3+2+1 = 80 
 
gamovTvaloT saSualo nayofiereba erTobliobaSi:  

 

x� �
x� � x� � x� � � � x��

80 � �1 80� � � x�

��

���

 

 
aq x� aRniSnavs argumentis mniSvnelobas k-uri elementisaTvis. 
variaciuli rigis gamoyenebiT saSualo mniSvneloba SeiZleba Caiweros variantis 

mniSvnelobebisa da  variantis sixSiris meSveobiT: 

x� � �1 n� � � f�x� � � ρ� x� 

aq x� variantis SesaZlo mniSvnelobebia, f�  Sesabamisi variantis sixSire, xolo ρ� �
��

�
 

sidideebs variantis wona ewodeba. cxadia, rom ∑ f� � n da ∑ ρ� � 1. 
Cvens magaliTSi gveqneba: 

 

4 5 3 4 6 7 8 3 1 4 
6 4 4 3 2 5 3 4 5 4 
5 3 4 5 4 4 4 6 5 7 
6 4 5 4 4 4 4 2 3 4 
5 5 4 5 4 4 6 4 4 4 
4 8 7 5 4 9 4 3 4 4 
5 4 6 4 4 3 4 4 4 2 
4 4 5 4 6 4 3 3 4 2 

varianti 1 2 3 4 5 6 7 8 9 

sixSire 1 4 10 39 13 7 3 2 1 

0
10
20
30
40
50

1 2 3 4 5 6 7 8 9
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x� � �1 80� ����x�

�

���

� 

� �1 80� ��1 � 1 � � � � � 10 � � � �9 � � � 1� � � � 7 � � � � � 7 � � � 8� � 1 � 9� � �,�� 
 
standartuli gadaxra variaciuli rigis gamoyenebiT Semdegnairad Caiwereba: 

σ � � 1
� � 1

����x� � x��� 

gamovTvaloT standartuli gadaxra Cven mier ganxilul magaliTSi: 

σ� �
1
79 �1 �

�1 � �,���� � � � �� � �,���� � 10 � �� � �,���� � �9 � �� � �,���� � 

+1� � �� � �,���� � 7 � �� � �,���� � � � �7 � �,���� � � � �8 � �,���� � 1 � �9 � �,���� � 1,90 

σ � �1,90 � 1,�8 
variaciis koeficienti    V= σ/x�  =  1,38 /4,35≈  0,317    an     V= 31,7% 

normirebuli gadaxrebi tj =�x� � x��/σ  TiToeuli varianti x� _Tvis mocemulia cxrilSi: 
 
 
 

 
 

 
 
12.3. normaluri ganawileba        
 
zogadad, sixSireTa ganawileba SeiZleba nebismieri iyos. 
statistikaSi cnobili standartuli ganawilebebidan gansakuTrebuli roli eniWeba 

uwyvet SemTxveviT sidideTa ,,normalur” ganawilebas. normaluri ganawilebis grafiki naxazzea 
warmodgenili:  

horizontalur RerZze gadazomilia 
SemTxveviTi sididis mniSvneloba, xolo 
vertikalur RerZze _ Sesabamisi sixSireTa 
simkvrive. es ukanaskneli ganisazRvreba, rogorc 

�� �
Δ�
NΔ�

 , sadac � erTobliobis moculobaa, Δk 
ki �x, x � Δx� SualedSi moxvedruli elementebis 
raodenobaa, sadac Δx Zalze mcirea. 

diskretuli argumentis SemTxvevaSi 
poligonis wertilebi ,,sxdebian” normaluri 
ganawilebis mrudze, poligonis texili 
uaxlovdeba mruds variantTa raodenobis 
zrdasTan erTad, xolo variantTa  ρ� wonebi 
miiswrafian sixSireTa ρ� simkvrivisaken.  

elementTa raodenoba,  romelTa 
argumentebic moTavsebulia (xa ,xb)  intervalSi, 
proporciulia grafikis mrudiT SemosaZRvruli 
farTobisa am intervalze.     

rogorc grafikidan Cans, normaluri ganawilebisas,  x� � σ SualedSi koncentrirebulia 
erTobliobis wevrTa 68,3% , x� � �σ SualedSi 95,5% , x� � �σ SualedSi ki 99,7%.  

SerCeviTi erTobliobis saSualosa da standartuli gadaxris codna saSualebas gvaZlevs 
gansazRvruli saimedoobiT vimsjeloT im generaluri erTobliobis Sesaxeb, romlidanac 
aRebulia SerCeviTi erToblioba.  

amis saCveneblad ganvixiloT xk generaluri erToblioba da davuSvaT, rom cnobilia misi 

saSualo mniSvneloba η da standartuli gadaxra S. avirCioT m  sxvadasxva, n moculobis 
SerCeviTi erToblioba. mosalodnelia, rom  Tu SerCeviTi erTobliobebi sworad warmoadgenen 
generalur erTobliobas, maTi x��, x��, x��,� , x�� saSualo mniSvnelobebi da σ�,σ�,σ�,� ,σ�� 
standartuli gadaxrebi mcired unda gansxvavdebodes generaluri erTobliobis η da  S _gan. e.i  

sidideebi x��, x��, x��,� , x�� mWidrodaa Sejgufuli η _s maxloblad. kiTxvaze Tu rogor aris 

xj 1 2 3 4 5 6 7 8 9 

tj -2,43 -1,70 -0,98 -0,25 0,47 1,20 1,92 2,64 3,37 
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ganawilebuli x�� η _s maxloblad pasuxs gascems albaTobis Teoriis centraluri zRvariTi 
Teorema:  n moculobis zrdasTan erTad  x��, x��, x��, � , x�� sidideTa ganawileba uaxlovdeba 

normalurs s = �
√�

 S standartuli gadaxriT.  

aRsaniSnavia, rom es mtkicebuleba samarTliania generalur erTobliobaSi sixSireTa  
nebismieri ganawilebisaTvis.  

Sedegebi:  

1. rac ufro didia SerCeviTi erTobliobis moculoba n, miT naklebia x�� sidideebis 

gadaxra η generaluri saSualodan. 

2. radganac x�� sidideebi η_s maxloblobaSi ganawilebulia normalurad, albaToba imisa, 

rom SerCeviTi erTobliobis saSualo  x�� moxvdeba:  

   η_s < x��< η+s     intervalSi, tolia 68,3% _is 

   η_2s < x��< η+2s   intervalSi, tolia 95,5% _is 

   η_3s < x��< η+3s   intervalSi, tolia 99,7% _is 

   η_Zs < x��< η+Zs       intervalebis Sesabamisi albaTobebi Z _ is zogierTi mniSvnelobisaTvis 
mocemulia cxrilSi. 
 

miRebuli Sedegebi efuZneba daSvebas, rom CvenTvis cnobilia generaluri erTobliobis 

saSualo mniSvneloba η da standartuli gadaxra S.   
praqtikaSi ki ZiriTadad Sebrunebul amocanasTan gvaqvs saqme. gamoTvlilia x� da σ, Sesafasebelia 

η. statistikis Teoriidan gamomdinare, roca  SerCeviTi erTobliobis moculoba n > 60,  

Tavisuflad SeiZleba  CavTvaloT, rom   x�� sidideebi ganawilebulia normalurad, xolo S  
CavanacvloT σ _Ti.   S ≈ σ 
maSin zemoT mocemuli formulebi SeiZleba ase gadavweroT - albaToba imisa, rom generaluri  

erTobliobis saSualo η imyofeba:  

   x� � �
√�

 < η < x� � �
√�

    intervalSi, tolia 68,3% _is 

   x� �  � �
√�

 < η < x� � � �
√�

   intervalSi, tolia 95% _is 

   x� �  � �
√�

 < η < x� � � �
√�

   intervalSi, tolia 99,7% _is 

   x� � Z �
√�

 < η < x� +Z �
√�

      intervalebis Sesabamisi albaTobebi mocemulia cxrilSi. 

 
cxrili iZleva saSualebas, winaswar daTqmuli sandoobis procentiT vipovoT Z_ is 

mniSvneloba da Sesabamisi intervali. am intervals  sandoobis intervali ewodeba. 
gamovTvaloT Cveni meliebis  magaliTze, Tu ra farglebSi SeiZleba iyos 95% sandoobiT 
generaluri erTobliobis nayofierebis saSualos mniSvneloba. 
 
 x� � �,��  σ � �,��   n= 80        Z (95%) = 2  
4,35 _ 0,31 < η < 4,35 + 0,31 
anu  95% iani sandoobis intervalia (4,04 _ 4,66). 
                          
                                  cxrili 12.1          

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

standartuli normaluri ganawilebis cxrili 

Z  %  Z  %  Z % Z %

0,1  8,0  1,1  72,9 2,1 96,4 3,1 99,8
0,2  15,9  1,2  77,0 2,2 97,2 3,2 99,9
0,3  23,6  1,3  80,6 2,3 97,9 3,3 99,9
0,4  31,1  1,4  83,8 2,4 98,4 3,4 99,9
0,5  38,3  1,5  86,6 2,5 98,8 3,5 100,0
0,6  45,1  1,6  89,0 2,6 99,1 3,6 100,0
0,7  51,6  1,7  91,1 2,7 99,3 3,7 100,0
0,8  57,6  1,8  92,8 2,8 99,5 3,8 100,0
0,9  63,2  1,9  94,3 2,9 99,6 3,9 100,0
1  68,3  2  95,4 3 99,7 4 100,0
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12.4.    �� Tanxmobis kriteriumi 

 
Cven ganvixileT Tu rogor xdeba erT, kerZo SerCeviT erTobliobaze Catarebuli 

eqsperimentis monacemebze dayrdnobiT garkveuli daskvnebis gamotana zogadi, generaluri 
erTobliobis Sesaxeb. es daskvnebi SeiZleba safuZvlad daedos garkveul Teorias.  

axla Cven ganvixilavT SemTxvevas, roca arsebobs garkveuli Teoriuli varaudi _ 
hipoTeza, da Cven eqsperimentul monacemebze dayrdnobiT unda davadasturoT an uarvyoT igi.  

eqsperimentis Sedegebi rogorc wesi ar emTxveva zustad Teoriuli hipoTeziT 
nawinaswarmetyveleb Sedegebs. es SeiZleba ori mizeziT iyos gamowveuli: 

1. hipoTeza mcdaria  
2. hipoTeza sworia,  magram eqsperimentul monacemebSi adgili aqvs  SemTxveviT gadaxrebs.  
imis gasarkvevad, Tu romeli mizezis gamo ar emTxveva Teoria eqsperiments, gamoiyeneba 

kriteriumi  χ� (xi_kvadrati), romelic SemdegSi mdgomareobs: vTqvaT, generaluri erToblioba 
iyofa m jgufad romelime Tvisebrivi niSnis mixedviT. am jgufebSi elementTa raodenobis 
ganawilebis Sesaxeb arsebobs raime varaudi _ hipoTeza. Cven am generaluri erTobliobidan 
SemTxveviTi SerCeviT miRebul n moculobis SerCeviT erTobliobaze viTvliT jgufebSi 
elementTa raodenobas. E� iyos i niSnis elementTa hipoTeziT mosalodneli ricxvi (Expected _ 
mosalodneli), xolo O� ki iyos i niSnis elementTa eqsperimentis Sedegad miRebuli ricxvi 
(Obtained _ miRebuli). i= 1, 2, . . . m.   vadgenT Semdeg jams, romelsac xi-kvadrats uwodeben: 

χ� � �
�O� � E���

E�

�

���

 

 
O� sidideebi ar arian erTmaneTisgan damoukideblebi. maT edeba 1 piroba  
    

� O�

�

���

� � 

amitom am cvladebis Tavisuflebis xarisxi tolia m _ 1. formulidan Cans, rom rac ufro 
axlosaa dakvirvebuli mniSvnelobebi navaraudev mniSvnelobebTan, miT ufro mcirea  χ� , sruli 
damTxvevis SemTxvevaSi ki  χ� nulis toli xdeba. ismis kiTxva, romel kritikul mniSvnelobaze 
naklebi unda iyos χ�, rom hipoTezas vendoT, an romel mniSvnelobaze meti unda iyos, rom 
hipoTeza uarvyoT? am kiTxvebs pasuxoben specialuri cxrilebis gamoyenebiT (cxrili 12.2), 
romlebic Tavis mxriv miiReba statistikis ZiriTadi kanonebis gamoyenebiT (maT Cven moviyvanT 
damtkicebis gareSe).  
 

       cxrili 12.2 kritikuli ��_ebis cxrili 
 
 
 
 
 
 
 
 
avxsnaT am cxrilSi moyvanili ricxvebis arsi. cxrili gviCvenebs Tavisuflebis mocemuli 

xarisxisaTvis, χ0
2 _is sididisa da Sesabamisi α albaTobis zogierT mniSvnelobas. α aris albaToba 

imisa, rom Tu hipoTeza sworia,  eqsperimentiT miRebuli χ2 meti iqneba χ0
2 _ze.  

xSirad hipoTezis uaryofen maSin, rodesac miRebuli χ2 5%-ze naklebi albaTobiT SeiZleba 
iyos SemTxveviTi gadaxra. amboben, rom hipoTeza uaryofilia 95% sandoobiT. zogjer iyeneben 

ufro mkacr kriteriums: hipoTezis uaryofen maSin, rodesac miRebuli χ2 1%-ze naklebi 
albaTobiT SeiZleba iyos SemTxveviTi gadaxra. am dros amboben, rom hipoTeza uaryofilia 99% 
sandoobiT. 
magaliTad: Tu  Tavisuflebis xarisxi m_1= 2  

eqsperimentiT miRebuli χ2 = 6,08.     χ2 > 5,99.  

m-1 α 10% 5% 2,50% 1% 
1 χ0

2 2,71 3,84 5,02 6,63 
2 χ0

2 4,61 5,99 7,38 9,21 
3 χ0

2 6,25 7,81 9,35 11,34 
4 χ0

2 7,78 9,49 11,14 13,28 
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cxrilis monacemebidan gamomdinare χ2_is aseTi didi mniSvnelobis miRebis albaToba 5 % _ze 
naklebia. e.i. Cven SegviZlia uarvyoT hipoTeza 95% _ is sandoobiT.   

Tumca, radganac χ2 < 7,38,  χ2_is aseTi mniSvnelobis miRebis albaToba 2,5 % _ze metia da Cven ver 
uarvyofT hipoTezas 97,5% _ is sandoobiT.   
ganvixiloT es meTodi magaliTze: vTqvaT, SevajvareT bardas ori mcenare da miviReT Semdegi 
STamomavloba:  
1 gluvi yviTeli marcvlebi            O1= 318 
2 gluvi mwvane marcvlebi              O2=129 
3. naoWiani yviTeli marcvlebi           O3= 97 
4. naoWiani mwvane marcvlebi            O4= 32 
jer davuSvaT, rom Cven ar viciT genetikis kanonebi da vamowmebT sakuTar hipoTezas, rom 
bardebis generalur erTobliobaSi niSanTa Tanafardoba unda iyos 9:4:2:1. 
gasarkvevia, SesaZlebelia Tu ara, rom eqsperimentis Sedegi iyos SemTxveviTi gadaxra 
gamoTqmuli hipoTezidan, Tu eqsperimentis Sedegi uaryofs gamoTqmul hipoTezas.  

χ2 _is dasaTvlelad Tavidan miRebul 576 
marcvals vanawilebT 9:4:2:1 proporciiT, 
vpoulobT Ei ricxvebs da vavsebT cxrils.  
am cxrilis bolo svetis ricxvTa jami 

tolia χ2 _is. 

χ2=10,8.  Tavisuflebis xarisxia 
m_1=4_1=3. 

miviReT χ2 _is sakmaod didi mniSvneloba  9,35 < 10,8 < 11,34, rac migviTiTebs imaze, rom Cven 
SegviZlia, uarvyoT Cveni hipoTeza 97,5% _ is sandoobiT, Tumca, ver uarvyofT mas 99% _ is 
sandoobiT (ix. cxrili 12.2). 

axla gavixsenoT, rom genetikis kanonebis Tanaxmad, miRebuli Tanafardoba unda iyos 
9:3:3:1 da SeviswavloT eqsperimentis Sedegis Sesabamisoba am kanonTan (axal hipoTezasTan). am 
kanonis Tanaxmad, mosalodneli Sedegis sapovnelad mcenareTa jamuri ricxvi (576) unda davyoT 
proporciiT 9:3:3:1. Sedegi SevitanoT cxrilSi. 

 
 
 
 
 

 
 

am cxriliT gamoTvlili xi-kvadratis mniSvnelobaa χ2=5,76.   es sidide 6,25_ze mcirea. aseTi χ2  

_is miRebis albaToba 10% _ze maRalia. es savsebiT dasaSvebi albaTobaa. e.i arsebuli monacemebi 
hipoTezis  9:3:3:1 uaryofis safuZvels ar gvaZlevs. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ei Oi Oi-Ei (Oi-Ei)2 (Oi-Ei)2/Ei 
324 318 -6 36 0,11 
144 129 -15 225 1,56 
72 97 25 625 8,68 
36 32 -4 16 0,44 

Ei Oi Oi-Ei (Oi-Ei)2 (Oi-Ei)2/Ei 
324 318 -6 36 0,11 
108 129 21 441 4,08 
108 97 -11 121 1,12 
36 32 -4 16 0,44 
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damateba 
 
fizikur sidideTa sazomi erTeulebi 

 
rogorc mecnierebaSi aseve yoveldRiur cxovrebaSi yvelaze farTod gavrcelebul sazom 

erTeulTa sistemas fizikuri sidideebis erTeulTa saerTaSorisiso sistema anu SemoklebiT si 
(SI)  erTeulTa sistema  warmoadgens.   
 
SI Sedgeba zomaTa erTeulebisa da winsarTebisagan. SI zomaTa erTeulebi iyofa or jgufad: Svidi 
ZiriTadi da maTgan warmoebuli erTeulebi. 
 

          ZiriTadi SI erTeulebi 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
winsarTebis damatebiT SesaZlebelia fizikuri sididis ufro mcire an ufro didi erTeulebis 
warmoqmna. pirveladi da warmoqmnili erTeulebi aTis jeradi ricxviT gansxvavdebian. 
dauSvebelia ramdenime winsarTis erTad gamoyeneba. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

erTeuli 
mokle 

aRniSvna 
qarTuli 

mokle 
aRniSvna 

laTinuri 

fizikuri sidide 
 

metri m m sigrZe 

kilogrami kg kg masa
wami wm s dro

amperi a A denis Zala

kelvini K K 
Termodinamikuri 

temperatura 

moli mol mol 
nivTierebis 
raodenoba 

kandela kd cd sinaTlis Zala

1 000 000 000 000 =1012 tera t T 

1 000 000 000  =109 giga g G 
1 000 000 =106 mega m M 

1 000 =103 kilo k k 
1 00 =102 heqta h ha 
10 =101 deka dk da 

0,1 =10 – 1 deci d d 
0, 01 =10 –2 santi s c 
0,001 =10 – 3 mili m m 

0,000 001 =10 – 6 mikro mk μ 
0, 000 000 001  =10 – 9 nano n n 

0, 000 000 000 001 =10 – 12 piko p p 
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warmoebuli SI erTeulebi 
 
warmoebuli erTeulebi miiReba formulebis meSveobiT, romlebic akavSireben erTmaneTTan 
fizikuri sidideebs: 

 
 

 
 
 

fizikuri 
sidide erTeuli 

mokle 
aRniSvna 
qarTuli 

mokle 
aRniSvna 

laTinuri 

kavSiri 
ZiriTad SI erTeulebTan 

 

brtyeli kuTxe radiani rad rad  

sivrculi kuTxe steradiani sterad sr  

siCqare metri wamSi m/wm m/s  m/wm 

simkvrive 
kilogrami 

kubur 
metrSi 

kg/m3 kg/m3  kg/m3 

moculoba kuburi 
metri 

m3 m3  kg3 

sixSire  herci  hc  Hz wm-1 

Zala  niutoni  n  N kg.m/wm2 

energia  jouli  j  J n.m = kg•m2/wm2 

simZlavre  vati  vt  W j/wm = kg•m2/wm3 

wneva  paskali  pa  Pa n/m2 = kg•m-1•wm-2 

eleqtruli 
muxti 

kuloni  k  C a•wm 

potencialTa 
sxvaoba 

volti  v  V 
j/k = kg•m2•  wm-3•a-1 

 

winaRoba  omi  omi  Ω 
v/a = kg•m2•   wm -3•a-2 

 

tevadoba  faradi  f  F 
k/v = kg-1•m -2 •wm4•a2 

 

magnituri nakadi  veberi  vb  Wb kg•m2•wm -2•a -1 

sinaTlis nakadi lumeni lm lx kd. sterad 

ganaTebuloba luqsi 
 lx lm/m2 = kd.sterad.m -2 

maionizebeli 
gamosxivebis 

STanTqmuli doza 
grei gr Gy j/kg = m2.wm-2 

maionizebeli 
gamosxivebis 

efeqturi doza 
ziverti 

 Sv j/kg = m2.wm-2 

radiaciuli 
aqtivoba 

bekereli  bk  Bq wm -1 
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sxva gavrcelebuli erTeulebi 

 
arsebobs mravali erTeuli, romelic farTod gamoiyeneba mecnierebasa da yoveldRiur 
cxovrebaSi, magram ar miekuTvneba SI erTeulebs. mniSvnelovan magaliTebs ganekuTvneba: 
 

fizikuri 
sidide erTeuli mokle aRniSvna

qarTuli 

mokle 
aRniSvna 

laTinuri 

kavSiri 
ZiriTad SI 

erTeulebTan 

sigrZe angstremi  Å 10-10m 

moculoba litri l L 10-3m3 

masa masis atomuri 
erTeuli m.a.e. u 1.660 54x 10 -27kg 

energia 
 
 

mcire kaloria kal cal 4.184 j 

didi kaloria kkal Cal 4.184 kj 

eleqtronvolti ev eV 1.601218 x10-19 j 

wneva 

normaluri 
atmosfero atm atm 101.325 kpa 

bari bari bar 105 pa 

tori mm.vwy.sv. mmHg 133.32 pa 

temperatura ცელსიუსის 
გრადუსი 

celsiusis 
gradusi °C t(°C)=T(K) - 273.15 

koncentracia 
  

 
molaroba  M mol/l 

radiaciuli 
aqtivoba kiuri  Ci = 3.7 x 1010 bk 

maionizebeli 
gamosxivebis 

doza 
rentgeni  R = 2.58 x 10-4 k/kg 

 
xiluli sinaTlis speqtri 
 

 
 
nm _ nanometri _ 10�� m. 
 
 


